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[he studies here reported represent a continuation and an amplifica- 
tion of those published by Hosoi, Alvarez and Mann. We wondered 1 
we could improve intestinal absorption by dividing the food into a 
number of portions and giving the portions at intervals, and we thought 
it might be helpful to mince the food or to slow the progress of peri- 
stalsis with morphine. We wondered also what weuld be the effect of 
giving progressively larger amounts of foods. Would the efficiency of 
digestion fail gradually at a certain point or would it break suddenly ? 


METHOD OF EXPERIMENTATION 


As was reported by Hosoi, Alvarez and Mann, the colon was removed 
from three dogs, and the distal end of the ileum was joined to the 
stump of the rectum. In this way digestion in the small intestine could 
be studied in animals that were free from the soiling and irritation of 
the skin which is inevitable with an ileal fistula. These dogs, after being 
used for the experiments already reported, were kept about the labora 
tory for almost a year. It was then found, with the help of the roentgen 
ray, that some hypertrophy had taken place in the rectal segment. This 
was most marked in one animal (the third dog) in which at operation 
more of the rectum had to be left than in the others. This hypertrophy 
of the rectal segment probably accounts for the fact that with certain 
foods the fecal residues of these dogs are somewhat different now from 
what they were a year ago. As one would expect, the largest differenc: 
was observed in the third dog, in which there is now an almost normal 
rectum. 


* Submitted for publication, Feb. 28, 1930 

*From the Division of Medicine, the Mayo Clinic and the Division of Experi- 
mental Surgery and Pathology, the Mayo Foundation. 

1. Hosoi, Kiyoshi; Alvarez, W. C., and Mann, F. C Intestinal Absorption: 
\ Search for a Low Residue Diet, Arch. Int. Med. 41:112 (Jan.) 1928 
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The accompanying table shows, for the first three dogs, the difference 
in the amount of feces (formed during a twenty-four-hour fast) 
obtained by Hosoi in 1927 and by us a year later when the remnant of 
colon had hypertrophied. It shows how much of the fasting fecal 
material is contributed by the colon. It is worth noting, however, that 
even in the animals with a small remnant of colon the discharges had 
almost no fecal odor. 

At the beginning of this study three new dogs were operated on. 
In one, almost complete colectomy was done, while in the other two, 
ileostomy was performed a short distance above the ileocecal sphincter. 
The animal from which the colon was removed was a poodle weighing 
4.9 Kg.; one dog was a fox terrier which weighed 7.6 Kg., and the 
other was a poodle which weighed 6.2 Kg. 

In order to collect the fecal residue from the animals with an ileal 
fistula, an attempt was first made to strap a cup over the opening, but 
this apparatus did not work well and it had to be abandoned. The 


Voist Weight of Discharges Recovered During a Twenty-Four-Hour 
Period of Fasting 


A Few Weeks After Ten Months After 


Dog Operation, Gm. Operation, Gm. 
Parst ..s. yeas See 6.8 8.3 
Second Ney era eee 99 24.0 


NN) 500e ee pavtedeonpeass sarees 15.6 42.0 


dog was kept loosely restrained in a wooden frame, in which he usually 
slept for the eight-hour period of observation. A receptacle placed on 
the floor under the fistula caught everything that was passed. The other 
dog with the fistula was easier to handle when kept in a metabolism 
cage. 

The dogs on which colectomy had been done were easier to work 
with than those with ileostomy. They were cleaner and more easily 
cared for, and it was easier to keep them in a good state of nourishment. 
There was little difference in the amount of fecal residue obtained from 
the dogs with the two types of operation. 

It was found that in the three dogs originally used by Hosoi, feces 
could no longer be removed easily with the help of the tube which he 
devised ; so these dogs also were kept in metabolism cages, and at the 
end of every hour the material passed was collected from the pan. 

The dogs were fed weighed amounts of food at 8:30 a.m. Some of 
the less palatable foods had to be given by stomach tube. As the feces 
were passed, they were weighed moist, and the figures were plotted as 
cumulated percentages of the amounts fed. Water was not given during 
the eight-hour period of observation. When we were studying food 
which we knew would not be digested for a long time, the dog was made 
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to fast for twenty-four hours after the meal, so that when the next 
experiment started the bowel would surely be empty. 

In all six dogs it was found that the taking of food was followed 
in a few minutes by the extrusion of a small amount of material from 
the bowel. This movement was probably brought about by the so-called 
ileocolic reflex which has been described by a number of writers. In 
another half hour there was generally another small movement which 
consisted of residues of the meal from the day before. In the dogs 
with an ileostomy opening, the next bowel movement usually occurred 
about two and a half hours after the taking of food, and in those which 
the colon was excised, the interval more often was from three to five 
hours. When liquid food was taken, this interval was usually somewhat 
shortened. After this, the fecal residue continued to appear at fairly 
frequent intervals for six hours longer. Movements were seldom seen 
after nine hours. On one occasion it was noted that it took seventeen 
hours for a chicken bone to pass. 

In these experiments we have used as an index to the efficiency of 
digestion the percentage relationship between the moist weight of the 
feces and the moist weight of the food. It would have been more satis- 
fying to deal with dry weights, but the work of Hosoi, Alvarez, and 
Mann revealed so little difference in the water content of feces obtained 
with different diets that, for the purposes of this study, we thought it 
hardly necessary to go to the extra labor of drying the foods and the 
residues. 

EXPERIMENTS WITH DIFFERENT FOODS 

Muk.—We confirmed Hosoi’s observation that most of the residue 
from milk is passed within a few hours. Large amounts of milk were 
given in an attempt to overwhelm the digestive tract. Sometimes we 
gave as much as 90 Gm. for each kilogram of body weight. In a few 


instances undigested curds were passed, but there was never any change 


in the type of curve obtained, or any increase in the percentage of 
residue excreted. 

Sour milk was better digested than sweet milk. The residues from 
the former amounted usually to from 18 to 25 per cent and from the 
latter to from 33 to 54 per cent. 

Hosoi found that the addition of bread to milk tended to decrease the 
percentage of moist residue obtained. These results were confirmed, and 
it was found that other foods such as meat, raw egg, potato, and Karo 
syrup, when added to milk, also tended to decrease the amount of 
residue obtained. Similarly, the residue obtained after feeding bread 
was often diminished by the addition of milk to the ration, even when 
large amounts of the fluid were used. There was no reduction, how- 
ever, when evaporated milk was added; this somewhat increased the 
amount of residue. The weights of the residue from meat and potato 
were not materially altered by the simultaneous giving of milk. 
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Lactose —Hosoi called attention to the purgative action of lactose. 
When added to farina it increased the amount of residue obtained. These 
experiments were repeated and the observations confirmed (chart 1). 
Lactose was given in a 25 per cent solution and also in the form of 
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Chart 1.—In this and all subsequent illustrations abscissas represent hours after 
feeding and ordinates represent amounts of residue expressed as cumulated per- 
centages of amounts of food given. Lines connect data obtained in one experiment 
Data presented in this chart show that certain foods given one day can influence 


adversely the digestion of others given the following day. 














powder. The substance had a cathartic effect, and when it was given 
repeatedly on successive days, the bowel became increasingly irritable. 
On days following the administration of lactose, any food that was given 
went through the bowel more rapidly than normal and the amount 
digested was lessened. The animals did not seem to feel well, and they 
showed little inclination to eat. These observations agree with those of 
Mitchell ? and Evans and Burr * who found that rats go downhill rapidly 
when given considerable amounts of lactose. 

Cheese —Hosoi found that cottage cheese was well digested, whereas 
grated Swiss cheese in amounts of 26.4 Gm. for each kilogram of body 
weight was hardly digested at all. We found that Swiss cheese was 


well digested when it was given in the form of lumps; the residues then 


never represented more than 32 per cent of the weight of the original 


ration. At times the percentage was as low as 14 (chart 2). 


Cottage cheese continued to be well digested even when given in 
amounts as large as 102 Gm. for each kilogram of body weight. We 
were unable with this substance to produce a break in the efficiency of 
digestion. The residue came through somewhat faster than did thos« 
from Swiss cheese. 

Cottage cheese given one day always impaired the digestion of food 
given the following day. Charts 1 and 3 show examples of such 
effects. Similar deleterious effects were observed after the giving of 
lard and of lactose. 

Meat.—It has been shown by Cannon * that coarse hard particles of 
food are slow to leave the stomach. It might well be, then, that the 
digestion of food such as meat, which needs to be broken up first by 
pepsin, could be improved by being given in the form of lumps which 
would be retained for some time in the stomach. One might spare the 
stomach by giving the meat in the form of hamburger steak, but the 
greater strain put on digestion in the bowel might prove to be too much 
for it. Actually, Cohnheim * and later Hosoi found that meat is best 
ligested when given in the form of lumps. We have again found this 
to be true (chart 2), and it now appears that the dog is following a 
good instinct when he bolts his food unchewed. 

2. Mitchell, Helen S.: Comparative Physiological Values of Five Carbohy 
lrates, Based on Growth and Fecal Analysis, Am. J. Physiol. 79:537 (Feb.) 1927. 

3. Evans, H. M., and Burr, G. O.: A New Dietary Deficiency with Highly 
Purified Diets, Proc. Soc. Exper. Biol. & Med. 24:740, 1927. 

4. Cannon, W. B.: The Mechanical Factors of Digestion, London, Edward 
\rnold, 1911, pp. 227. 

5. Cohnheim, Otto: Beobachtungen iiber Magenverdauung, Miinchen. med 
Wehnschr. 2:2581 (Dec. 24) 1907 
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Chart 2.—The effect is shown of adding one food to another, the effect ot 
excitement, the effect of giving large quantities of food, the effect of cooking 
of food, the difference in the digestibility of two types of cheese and the effect o 


hashing the food. 
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We have given raw meat, in the form of lumps, in amounts as 
large as 175 Gm. for each kilogram of body weight, and have marveled 
at the thoroughness with which it was digested. Raw meat was handled 
better than cooked meat. It seemed to be impossible to break down the 
ability of the stomach and bowel to handle these large amounts of food, 
and at no point was there any sudden increase in the percentage of 
residue excreted. The result of the experiments was different, however, 
when the meat was given finely ground. In this case, a large increase 
in the amount fed resulted in an increase in the percentage of undigested 
residue. 
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Chart 3.—The digestibility of bread when eaten alone, when eaten with other 
foods, or after drugs were taken is shown; also the digestibility of meat under 
different conditions. 


Fat.—Hosoi found that with his dogs he could easily reach the limits 
of digestion of fat. Lard or butter, when given in considerable quantities, 
always produced large foul-smelling stools. In the experiments here 
reported, 10 Gm. for each kilogram of body weight appeared to be 
about as much as the dogs could stand (chart 2). More than this gave 
rise to vomiting and diarrhea. On a few occasions, however, when the 
dogs succeeded in retaining lard in amounts as high as 30 Gm. for each 
kilogram of body weight, it was well digested. 
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Cannon observed, years ago, that the mixing of fat with protein or 
carbohydrate would cause these two foodstuffs to leave the stomach more 
slowly than they otherwise would. In the experiments here reported a 
dog biscuit containing bone-meal, flour and chopped meat was first tested, 
and it was found to leave a residue of from 80 to 87 per cent. Lard was 
then mixed with, or melted into, the broken biscuit, and the residue 
was found to have decreased to about 50 per cent (chart 2). Possibly 
the fat caused the biscuit to stay long enough in the stomach so that 
more of it could be attacked by the gastric juice. 

Eggs.—Hosoi confirmed what has been known for some time—that 
raw egg albumin runs through the digestive tract so rapidly that much 
of it reaches the ileocecal sphincter unchanged. Soft-boiled and hard- 
boiled eggs were digested much better. Rose and MacLeod *® found 
that raw egg white was better utilized after it was beaten up with air, 
and this we have confirmed (chart 2). In our experiments, raw whole 
egg left a residue of from 35 to 60 per cent. Soft-boiled eggs left the 
smallest residue. Raw egg produced foul, foamy, liquid discharges in 
which the egg albumin was so little altered that the dogs sometimes ate 
it again. 

The addition to raw egg of raw starch which is not digested by 
the dog, and which greatly slows the progress of material through the 
intestine appeared to improve the digestion of the egg. Whereas, the 
residue from raw egg amounted to from 25 to 36 per cent and that 
from raw starch amounted to 45 per cent, the residue from both together 
was usually between 17 and 25 per cent, and on one occasion it was 
only 7 per cent. 

The addition of milk to raw egg resulted in a mixture which was 
better digested than milk alone. The popular use of egg-nog, without 
alcohol, would therefore appear to be well justified. 

Bread.—Hosoi found that the residue from white bread amounted to 
from 44 to 52 per cent. In our experiments the results were con- 
siderably better, and the percentage varied between 26 and 41 (chart 3). 
As was to be expected, graham bread left considerably larger residues 
than did white bread. Strange to say, these residues were decreased in 
amount when milk or coffee was given with the bread. This improve- 
ment in digestion was more marked with sour milk than with sweet 
milk. 

Starch.—Raw cornstarch given in a 33 per cent watery suspension 
gave fecal residues varying between 36 and 50 per cent (chart 2). Our 
impression was that practically none of this starch was digested because 
both macroscopically and microscopically the material recovered appeared 





6. Rose, Mary S., and MacLeod, Grace: Some Human Digestion Experi- 
ments with Raw White of Egg, J. Biol. Chem. 50:83 (Jan.) 1922. 
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to be unchanged. Strange to say, it passed through the digestive tract 
slowly, requiring more than twenty-four hours. It probably was caught 
here and there in the valvulae conniventes. 

Dextrose-—As Hosoi showed, dextrose and sucrose are completely 
or almost completely absorbed. The efficiency of digestion depends 
somewhat on the concentration of the material given. In one of our 
experiments in which a concentrated solution of dextrose was admin- 
istered, it produced such severe vomiting that a lump of formed feces 
was finally brought up. In only about half of the experiments could 
the dogs retain a 50 per cent solution of dextrose given in amounts 
representing about 40 cc. for each kilogram of body weight. When they 
did retain it, all the sugar was apparently absorbed, because the residues 
were about the size of those that one would get from a fasting bowel. 
Strange to say, chocolate candy with cream centers left a residue of from 
25 to 50 per cent. 

The mixture of Karo syrup and milk which is used in the laboratory 
for the feeding of animals after operation was well utilized. From 17 
to 27 per cent appeared in the feces, as compared with from 35 to 50 
per cent for milk alone. 

Potatoes, Stewed Tomatoes, Baked Bananas, Stewed Prunes, Stewed 
Corn and Beets—These foods were all poorly digested and gave 
residues varying in amount from 30 to 75 per cent. Digestion could 
be improved somewhat by the addition of gravy or milk to the foods. 
Potatoes were better digested when given in lumps than when given 
mashed. 

3aked bananas left a residue which was remarkably constant in its 
amount, about 37 per cent. Our observations, therefore, do not support 
the statements of those investigators who have made the claim that 
cooked banana is a highly digestible food. In Hosoi’s experience raw 
banana was the most poorly digested of all the foods studied. 

Rice appeared to be almost perfectly digested. Peptone was also 
well digested and absorbed. 

Fruit Juices—The dogs were given mixtures of equal parts of 
orange juice or lemon juice and water, either alone or with meat. The 
addition of a little meat caused the dogs to drink the liquid voluntarily. 
The orange juice gave a residue of from 11 to 13 per cent. When 
added to meat, the amount of residue usually obtained with this food 
was not increased. The giving of lemon juice resulted in an excretion 


of residues amounting to from 20 to 55 per cent. It is probable that 


acids increase the rate of passage of material through the bowel, and 
this would account for the poorer digestion observed with lemon juice. 

Coffee —Coffee when given with bread or meat appeared to be as 
well absorbed as water (chart 3). The stools tended, however, to 
become loose. 
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Desserts —Miller, Fowler, Bergeim, Rehfuss and Hawk,’ who 
studied the rate of emptying of the stomach in normal students, con- 
cluded that, so far as gastric digestion is concerned, pies with crusts are 
not particularly harmful. Pudding left the stomach a little faster than 
pie, and pie left faster than cake. In one dog in which complete 
colectomy had been performed, custard pie gave a residue of 28 per 
cent; cornstarch pie, 36 per cent; pie crust, 48 per cent; apple pie, 55 
per cent and prune pie, 74 per cent. 


INFLUENCE OF VARIOUS FACTORS ON DIGESTION 

Forced Feeding.—There have been a number of observations in the 
past which have led experimenters to believe that food eaten freely with 
appetite will leave the stomach more rapidly than food given by stomach 
tube. We, however, have been unable to detect any difference in the 
amount of fecal residue obtained when foods were given in these two 
ways. 

Anxiety and Excitement.—As has been pointed out in a recent 
review by Alvarez,’ anxiety and excitement tend to retard digestion, 
and evidences of this were noticed during the progress of the studies 
reported here. One of the dogs, a nervous, restless animal, fretted a 
good deal when restrained in the type of sling in which his fellows 
dozed. Under these circumstances, the fecal residue from bread and 
butter was about 77 per cent of the amount ingested. Later when he 
lay quietly in a metabolism cage, the percentage dropped to 41 per cent 
(chart 2). The other dog with a fistula, that was quiet and well 
behaved, digested just as well when in the sling as when in a cage. 

Heat and Cold.—It has been thought by some writers that the tem- 
perature of the food might influence the completeness of digestion, but 
Hawk ® and his associates could not detect any such effect and neither 
could we. 

Several Small Feedings as Compared With One Large Feeding.— 
Hosoi, Alvarez, and Mann suggested that better absorption of foodstuffs 
might be secured if small amounts were given at short intervals, and 


7. Miller, R. J.; Fowler, H. L.; Bergeim, Olaf; Rehfuss, M. E., and Hawk, 
P. B.: The Gastric Response to Foods. XII. The Response of the Normal 
Human Stomach to Pies, Cakes and Puddings, Am. J. Physiol. 52:248 (June) 
1920. 


8. Alvarez, W. C.: Ways in Which Emotion Can Affect the Digestive Tract, 
J. A. M. A, 92:1231 (April 13) 1929. 

9. Miller, R. J.; Bergeim, Olaf; Rehfuss, M. E., and Hawk, P. B.: Gastric 
Response to Foods. XI. The Influence of Tea, Coffee and Cocoa upon Digestion, 
Am. J. Physiol. 52:28 (May) 1920. 





CHILDREY ET AL—DIGESTION 


Bateman *° found that the diarrhea produced by raw white of egg 
less severe when the substance was given in divided doses. 

Chart 4 shows that when a quantity of food was divided into frac- 
tions which were given to the dog at hourly or half-hourly intervals, 
the residues appeared more promptly than when the total amount was 


eaten at one time and the percentage undigested was larger. This can 
be explained by the fact that each successive feeding stimulates peristalsis 
and gives rise to rush waves which carry the food rapidly down the 


bowel. 
Sodium Bicarbonate-——Ten grams of sodium bicarbonate added to 
meat or bread increased the amount of residue obtained and increased 
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Chart 4.—Difference in digestibility when food was taken in one meal or divided 
into several portions and eaten at brief intervals. 


the content of moisture (chart 3). The dogs became thirsty. The 
residues were alkaline except in those experiments in which the drug 
was added to bread and sour milk. 

Purgation—The giving of 30 cc. of castor oil or 17 Gm. of mag- 
nesium sulphate two hours before the giving of food always increased 
the amount of residue obtained. The giving of the purge twenty-four 
hours before a feeding usually increased the amount of residue obtained 
from the food (chart 3). 


10. Bateman, W. G.: The Digestibility and Utilization of Egg Proteins, J. 
Biol. Chem. 26:263 (Aug.) 1916. 
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Barium Sulphate-—Alvarez and Freedlander™ suggested that the 
addition of a large amount of indigestible material such as barium 
sulphate to a meal might act as a laxative and might increase the rate 
of progress of material through the digestive tube. Some of the dogs 
were given condensed milk with varying amounts of barium sulphate 
and acacia. Under these conditions, the excretion of residues from 
milk was found to be more rapid and the amounts obtained were larger. 

Morphine. —Plant and Miller,1* who studied the effect of morphine 
on dogs with a Thiry-Vella fistula, found that it increased the tonus 
and peristaltic activity of the bowel and lessened the tonus of the gastric 
musculature. They concluded that the giving of morphine resulted in 
more complete digestion, because the food stayed a longer time in the 
stomach. 

In the experiments reported here the dogs were given canned ground 
horse-meat and thirty minutes later were given, hypodermically, from 
0.03 to 0.06 Gm. of morphine sulphate. Vomiting often occurred, and 
the animals remained somnolent for about eight hours. During this 
time practically no residue appeared. During the night, residue amount- 
ing to about 20 per cent was passed, and during the following day more 
was obtained (chart 3). In some of the animals an increase in intestinal 
tonus immediately after the giving of morphine showed itself in a sud- 
den spurting of intestinal contents from the ileal fistula. 

Reaction of the Intestinal Contents—The residue was usually 
alkaline to litmus, but with some foods it was acid. It was often acid 
after the giving of lard, milk and lard, milk and potato, milk and raw 
egg and sour milk and bread. 


Q 


COM MENT 

It has long been claimed by certain food faddists that in prescribing 
for the sick the essential point is to secure right combinations of food 
and to avoid wrong ones. It sounds reasonable, but we have not been 
able to find much convincing scientific evidence which would favor the 
theory or help the inquirer in the search for good combinations. The 
experiments here reported now show that the addition of certain foods 
to others does help or hinder their digestion, and the way is opened 
for the study of what may prove to be an important branch of dietetics. 
It is remarkable to see how the residues from two foods eaten together 
may be smaller than those of either food eaten separately, and it is 





11. Alvarez, W. C., and Freedlander, B. L.: Rate of Progress of Food Resi- 
dues Through the Bowel, J. A. M. A. 83:576 (Aug. 23) 1924. 

12. Plant, O. H., and Miller, G. H.: Effects of Morphine and Some Other 
Opium Alkaloids on the Muscular Activity of the Alimentary Canal. I. Action 
of the Small Intestine in Unanesthetized Dogs and Man, J. Pharmacol. & Exper 
Therap. 27:361 (June) 1926 
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even more surprising to see that two almost completely indigestible 
substances such as raw egg and raw starch are well handled when given 
together. 

Food eaten on the day following the ingestion of certain substances 
will be imperfectly digested. Alvarez has noted for years that persons 
just recovering from an attack of diarrhea often have so little ability to 
digest anything that for a few days they must partake sparingly of only 
the more digestible foods. When such a person begins immediately to 
eat everything, he sometimes suffers for months with indigestion, 
because the irritating residues from one poorly absorbed meal make it 
impossible for the subsequent meals to be digested properly. 

The fact that purgation interferes with digestion and absorption must 
also be kept in mind when the physician is trying to help patients com 
plaining of flatulence, abdominal discomfort and undernutrition. He 
cannot tell how much of the disturbance is due to purgation and how 
much to organic disease until he frees the bowel from insult not only 
by chemical irritants but also by the now commonly used mechanical 
irritants such as bran. Often great relief from symptoms can be 
obtained if the lower bowel is emptied, when necessary, by enemas of 
warm physiologic solution of sodium chloride. 

These experiments suggest that certain patients may be injured if 
their food, during the process of preparation in the kitchen, is too finely 
chopped. Our observations also offer some explanation for the 
occasional deleterious effects of eating between meals. They also sug 
gest that lactose should be given with care, and that its effects should 
be watched because it can do much harm. 


SUMMARY 

The amount of residue obtained after the digestion of various foods 
has been studied in six dogs, all deprived of the colon. The foods best 
digested were meat, rice, dextrose and fat in small amounts. These 
foods might well be used in the treatment of patients with diarrhea, and 
in the preoperative or postoperative care of patients with serious diseases 
of the colon, rectum or anus. 

The combining of certain foods such as bread and milk and raw 
egg and milk, improved the digestion of both substances. Lactose, when 
given in considerable amounts, proved to be a laxative which interfered 


not only with the digestion of food eaten the same day but also with 


the digestion of food eaten the following day. Cheese and lard given 
one day also interfered with the digestion of food eaten the following 
day 

Meat was better digested when given in lumps than when given 
finely comminuted. The same was true of Swiss cheese. Raw meat 
was better digested than cooked meat 
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Except in the case of a few foods, it was difficult to give enopgh so 
that the efficiency of digestion would fail. The dog usually protected 
himself by vomiting part of the meal. 

Raw egg when not mixed with other foods was highly indigestible. 
Raw cornstarch given alone was almost completely indigestible. 

The addition of lemon juice to food hurried the progress of residue 
through the bowel and interfered somewhat with the efficiency of 
digestion. Orange juice had little effect on digestion. 

Pie crust did not seem to be much more indigestible than white 
bread. It was more digestible than graham bread. 

Anxiety and excitement influenced adversely the efficiency of 
digestion. 

Food when taken in one large amount was better utilized than when 
taken in several fractions at half-hourly intervals. Apparently each 
feeding stimulated peristalsis and caused the food to pass too rapidly 
through the bowel. Purgatives, sodium bicarbonate and barium sulphate 
interfered with digestion. Morphine slowed the progress of material 
through the bowel. It had little effect on the digestion of ground 
cooked meat, given at the same time, but it interfered with the digestion 
of meat given the next day. 
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ADDISON’S DISEASE IN : NEGR(¢ 
REPORT OF A CASE * 


ANGELO M. SALA, M.D. 
AND 
MENDEL JACOBI, M.D. 


NEW YORK 


Addison's disease, contrary to the opinion of Addison himself, who 
felt that its recognition would show it of rather frequent occurrence, is 
relatively infrequent. Among white people in whom pigmentary 
changes lead to a diagnosis or suspicion of the disease with some ease, 
estimations of the frequency vary. Osler * stated that he saw only sev- 
enteen cases in the United States in twenty-one years. In 1925, 
Rowntree * was able to collect forty-seven cases (16 per hundred thou- 
sand cases registered) from the Mayo Clinic records of the preceding 
thirteen years. 

Because of the difficulties of recognizing the disease in Negroes 
attendant on their color, the diagnosis of Addison’s disease is apparently 
rarely suspected and still more infrequently made and confirmed. Ina 
careful search of the literature for the last forty years, we have been 
able to find but four recorded cases, only two of which came to autopsy. 
We record a case occurring at the Harlem Hospital, where the greater 
portion of the patients are colored. 


CASE REPORT 


D. R., a colored man, aged 51, was admitted to the Harlem Hospital on July 10, 
1927. No definite or detailed history was obtainable, except that he had been ill 
for about two months, rapidly losing weight and becoming very tired and weak. 
No pulmonary symptoms were present. He had been totally bedridden for the 
last two weeks; he had begun then to experience great difficulty in speaking, was 
exceedingly hoarse, and had some pain in his throat. 

Physical examination revealed an acutely ill colored man, about 50 years of age 
He was markedly emaciated. The respiration was shallow but equal on both sides; 
the breath sounds and vocal fremitus were diminished throughout; the percussion 
note was somewhat dulled generally with areas of high-pitched resonance scattered 
throughout the chest, and occasional moist rales were present. The heart sounds 


* Submitted for publication, Dec. 10, 1929 

*From the Pathologic Laboratories, Harlem Hospital, and Brownsville and 
East New York Hospital, Brooklyn. 

1. Osler, quoted by Dock and Lisser, in Osler, William, and McCrae, 
Thomas: Modern Medicine, ed. 3, Philadelphia, Lea & Febiger, 1926, vol. 5, p. 273. 


2. Rowntree, L. G.: Studies in Addison’s Disease, J. A. M. A. 84:327 
(Jan. 31) 1925. 
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were of poor quality, regular but distant; no murmurs were heard. The abdomen 
was scaphoid, the wall thin and emaciated; there were no palpable masses. The 
temperature on admission was 100 F.; the pulse rate, 110, and the respiratory 
rate, 40. Attempts at making blood pressure readings were unsuccessful. Stimu- 
lative treatment was immediately instituted, but there was no response, and the 
patient died twelve hours after admission. The antemortem diagnosis was 
probable malignancy with cachexia. 

Autopsy was performed sixteen hours after death. The body was that of a 
poorly developed, markedly emaciated colored man, with loose skin that was boggy 
over the chest wall. The fingers were markedly clubbed. The abdomen was 
scaphoid. There was a large, oval, cystic bulge present in Scarpa’s triangle on 
the right side. No pigmentation of the mucous membranes of the mouth or lips, 
or of the nail-beds was apparent. The larynx showed a dry, pale, smooth mucosa, 
without ulceration; no tubercles were present. In the right lobe of the thyroid 
there was a cystic adenoma. Above the pulmonary apex on the right, at the root 
of the neck, a firm, movable, deeply blackened anthracotic lymph node was present. 

The interlobular fissures of both lungs were obliterated by firm, fibrous adhe- 
sions. The right and left upper lobes were firmly adherent to the lateral and 
posterior walls of the chest, and the pleural cavities were obliterated; the visceral 
pleura covering the lower lobes was dulled but not covered by exudate. In the 
right upper lobe, extending anteriorly from the extreme apex to the third rib 
there was a large, multiloculated cavity lined by a thin, shaggy, green, fibrino- 
purulent membrane. The loculi communicated with one another and with the 
eparterial bronchus. They were filled with thick, odorless, creamy material. The 
cavity was surrounded laterally and above by a thin strip of firm, airless, grayish- 
red lung tissue. Throughout the remainder of the right upper and lower lobes 
were numerous discrete and confluent, firm, grayish-white areas, sharply demar- 
cated; in the right middle and left upper lobes such areas were rather more infre- 
quent, while very few were present in the left lower lobe. The intervening lung 
tissue was crepitant. At the hilus, more particularly on the right side, were several 
discrete, large, firm anthracotic lymph nodes. 

The heart weighed 200 Gm. The pericardium was thick and opaque. Little 
epicardial fat was present; the heart muscle (particularly the papillary muscle) 
was pale and diffusely permeated with yellow streaks. The coronary arteries, the 
aorta and the abdominal branches of the latter contained numerous subintimal, 
atheromatous and calcific plaques. 

In the thickened omentum and the parietal peritoneum were numerous discrete, 
round, sharply demarcated nodules (about 3 mm. in diameter), firm and gritty, 
which cut with difficulty. A few old fibrous strands were present between the 
ileal and the jejunal coils. The liver weighed 1,200 Gm.; its surface was smooth 
and its lobular structure quite distinct on section. The spleen weighed 120 Gm.; 
its capsule was wrinkled and thickened; the corpuscles were distinct on the cut 
surface, and there were no tubercles. The kidneys weighed 235 Gm. each; 
bilateral double ureters were present, the two ureters opening into the same major 
calix on the right, into separate calices on the left, and into the bladder by four 
distinct openings. No other gross changes were present in the kidneys or bladder, 
nor in the gallbladder, bile ducts or pancreas. 

The right suprarenal gland weighed 9 Gm.; it showed no gross morphologic 
changes. The left weighed 234 Gm. It covered the entire upper pole of the 
kidney, extending mesially caudad to overlap the renal hilus. It was roughly 
shaped like a bean; its capsule was everywhere intact, and it was easily separable 
from the kidney and the surrounding tissue. The entire gland was firm, almost 
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ird in consistency. On section, no cortex or medulla was apparent. Instead, 
several large, homogeneous, firm, irregularly outlined nodules of structureless, 
yellow, opaque tissue filled the entire organ, the largest measuring 3 by 1 cm. and 
ccupying the entire upper half. Between these nodules were narrow, pale, dull 
brown strands of tissue resembling medullary tissue. No softened areas were 
present. 

The right testis and epididymis were not grossly altered. No testis could be 
found on the left side either in the scrotum or in the widened inguinal canal or 
intra-abdominally. The left spermatic cord was a firm, grossly structureless mass 
of fibrous tissue. 

[The dorsal part of the spine was scoliotic to the left; the fifth, sixth and 
seventh vertebrae were wedge-shaped and collapsed anteriorly. The anterior and 
right lateral surfaces of the sacrum were roughened and eroded. Large, soft, 
caseous lymph glands covered its surface. In the right psoas muscle, from the 
level of the second lumbar vertebra downward into Scarpa’s triangle, there was a 
large multiloculated cavity lined by a thick, shaggy, greenish necrotic membrane 
and filled with about a pint of odorless, greenish white pus. This cavity com- 
municated with a smaller similar one lying in the tissues adjacent to the terminal 
sacrum and coccyx. The lumbar vertebral bodies or processes were not involved. 
The mesenteric lymph nodes showed no gross changes. 

\ smear from the cavity in the psoas showed acid-fast bacilli and gram 
negative short bacilli, much fibrin, many lymphocytes and degenerated poly- 
morphonuclear leukocytes. 

Microscopically, the lungs (through the abscess wall) showed confluent caseous 
ireas containing and surrounded by multinucleated giant cells. The adjacent 
alveolar walls were hyalinized and had no demonstrable capillaries; a few alveoli 
were filled with granular fibrin, varying numbers of lymphocytes and a few large 
endothelial cells, usually uninucleated, but grouped together and with indistinct cell 
borders. Sections through other portions of the lungs showed numerous minute 
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tubercles composed of endothelial cells and central multinucleated giant cells in 
the alveolar walls, and often filling the alveolus. No septal or vascular fibrosis 
Was apparent. 

The right suprarenal gland showed only a paucity of fat vacuoles in the cortex; 
he left (region of the large mass in the upper half) showed a wide capsular zone 

coarse, dense connective tissue diffusely infiltrated with lymphocytes. Imme- 
liately beneath this layer were a few small columnar cells containing a small 
umount of clear, homogeneous acidophilic cytoplasm and a small, deeply basophil 
nucleus. These cells were arranged in coiled masses or short fascicular strands 
between a fine fibrous network. The remainder of the tissue consisted of caseous 
matter containing a few multinucleated giant cells. Strands of the subcapsular 
cells, poorly stained and often without nuclei, were present between the caseous 
asses. Sections through the lower portion of the suprarenal showed numerous 
tbercles, with caseous centers, lying in the cortex and medulla, the cells of bot! 

which were compressed. 

The liver showed marked fatty vacuolation of the cord cells. Here and 
in occasional multinucleated giant cell surrounded by a few lymph 
necrotic liver cells was found in the parenchyma. No relation between th 


1 the portal space or central vein was apparent 


he spleen showed numerous small necrotic areas irregularly scattered 


pulp. These areas showed no giant cells: in places, a few faint! 
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ated cells resembling epithelioid cells were seet 
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Sections of the peritoneal nodules showed them to consist of calcific, granular 
material surrounded by fibrous tissue heavily infiltrated with lymphocytes. Sections 
of the abdominal lymph nodes showed no changes; those along the sacrum showed 
numerous caseous areas surrounded by multinucleated giant cells. Sections 
through the psoas abscess wall showed tuberculous granulation tissue. No tubercle 
formation or caseation was apparent. 


COMMENT 

The case reported is obviously one of long-standing pulmonary and 
bony tuberculosis, terminating rapidly after involvement of the non- 
cavitated pulmonary lobes and the suprarenal in a manner suggestive of 
blood stream invasion. The presence of the calcific nodules in the peri- 
toneum is suggestive of an earlier, healed, peritoneal tuberculosis ; their 
discrete arrangement even suggests a miliary distribution. 

Of importance is the rapid course of the disease in its acute supra- 
renal involvement and the total absence of increased pigmentation. In 
the other cases recorded in Negroes, pigmentary changes, especially dark- 
ening of the palms and soles, was a striking feature. None, however, 
was of such short clinical duration as our case. Of the two cases that 
went to autopsy, one showed cavitation of the suprarenal gland, the 
other extensive hyalinization and fibrosis, both indicative of a rather 
long-standing process. Of the recorded cases in Negroes, Lemann’s * 
patient noted a darkening and discoloration of his forearms and face 
progressing over his entire body one year before death occurred. 
Lemann described his patient as of “stove-polish” or “shoe-black”’ color, 
especially the hands, face, forearms, feet and lower part of the legs, 
saying that “he was the blackest Negro seen in the clinic.” Biopsy of 
the skin showed marked pigmentation of the chromatophores. 

Two of Evans’* patients showed an increase of body pigmentation 
for more than one year; the third noted brown discolorations on the 
dorsa of her hands and feet for a year, and showed a slight increase in 
pigmentation over the borders of the tongue at the junction of the ante- 
rior and middle thirds. Of the two patients examined post mortem, 
Evans’ showed scattered areas of black and dark brown pigmentation on 
the buccal mucosa, the hard and soft palate, and under the tongue, while 
Lemann’s patient showed dark discolorations of the gums and dark 
spots on the tongue and buccal mucosa. 

Our case presented symptoms for but two months. In the two cases 
just quoted, one patient * died one and one-half years after the onset 


3. Chvostek, quoted by Hektoen: American Text-Book of Pathology, Phila- 
delphia, W. B. Saunders Company, 1902, p. 923. 

4. Lemann, I. I.: Addison’s Disease: Report of Three Cases, Including One 
in a Negro, New Orleans M. & S. J. 78:814 (June) 1926. 

5. Evans, L. S.: Addison’s Disease in the Negro: Report of Three Cases, 
Am. J. M. Sc. 176:499 (%ct.) 1928. 
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of symptoms, the other,’ five years after coming under observation and 


two years after the diagnosis was made. The other two patients whose 


cases were reported ° were alive and in fair condition one year after the 
onset of the symptoms. The consensus of most authors is that an acute 
course is rare in white patients.® 

Weakness as the presenting symptom was present in all cases. 
Gastro-intestinal symptoms occurred in four patients; vomiting was 
present in two,°® usually without relation to meals and most often in the 
morning ; diarrhea occurred in all four.’ In all reported cases, as well 
as in our own, marked anorexia appeared early in the symptomatology 

Of considerable prominence in this group of cases are symptoms 
referable to the respiratory system and larynx. Our patient complained 
of soreness when talking; he was quite hoarse when seen in the hos- 
pital, One of Evans’ patients had been so hoarse that she “could not 
talk above a whisper” for a month; no pain on talking is noted. Choking 
sensations were periodically present, accompanied by dizziness and a 
feeling of faintness in the case that came to autopsy. No note is made 
of any lesions of the larynx or respiratory tract other than the presence 
of two small tubercles in the right lung and an adherent pleura bilater- 
ally. Our case likewise showed no lesions of the larynx; the pulmonary 
pathologic process does not appear to be sufficient to explain the pain 
and hoarseness. We feel that these symptoms are probably the expres- 
sion of the general asthenia; the soreness noted was perhaps the result 
of repeated forcible attempts to speak loudly, with a consequent local 
laryngeal irritation. 

In three of the cases recorded there was a past history suggesting 
tuberculosis: one of Evans’*® patients had an abscess of the chest wall 
which was opened three years before the onset of pigmentary changes ; 
another had a fistula in ano for several years, and a third had pneu- 
monia associated with a pleurisy for one month ten years before 
observation. In the other case* there was a history of syphilis and 
gonorrhea. There was no history of familial tuberculosis present in 
any case. 

Among white people, the disease is most frequent in males (Kauf- 
mann, Timme*). In the short series of the disease in Negroes, three 
cases occurred in female and two in male patients. Whereas most of 
the cases in white persons occur between the twentieth and fortieth 
years, none of the Negroes was under 30; one was 36, and two were 51. 


6. Osler (footnote 1). Kaufmann: Spezielle pathologischen Anatomie, ed. 8, 
Berlin & Leipzig, Walter de Gruyter & Company, 1922, vol. 11, p. 1004. Timme, 
W., in Cecil: Text-Book of Medicine, Philadelphia, W. B. Saunders Company, 
1927, p. 1133. 


7. Lemann (footnote 4). Evans (footnote 5) 
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Two of the previously recorded cases came to autopsy. Lemann’s 
case showed in the suprarenal glands irregularly lobulated masses 8 by 
2 cm., pale yellow and surrounded by fat. The cut surface of each 
was studded with numerous yellow areas of various size, some of the 
larger areas showing central necrosis, cavitation and calcification. Micro- 
scopically, these areas were typical tubercles. The lungs contained 
numerous tubercles of various sizes and a small cavity at the right apex. 
A few recent tubercles were present in the kidneys and retroperitoneal 
lymph glands. The case was apparently one of tuberculosis of the lungs 
and suprarenal gland of some duration, ending in a terminal miliary 
dissemination. Syphilitic aortitis was an associated condition. 

In Evans’ case, the left suprarenal was small, flat, firm and more 
nodular than the right. It was peculiarly hard on section; no cortex or 
medulla was distinguishable, the gross observation of a general fibrosis 
being made ; no caseation was grossly visible. Histologically, the involved 
suprarenal gland showed extensive hyalinization and fibrosis and typical 
tubercles without necrosis. The lungs showed extensive pleural adhe- 
sions, slight anthracosis and several apical tubercles. The heart was 
atrophic (98 Gm.). The kidneys were small, flabby and atrophic, with 
flattened pyramids; there was a small tubercle on the surface of the 
right kidney. Microscopically, there were patches of cellular infiltration 
of the cortex near the capsule, with atrophic glomeruli, thickened 
glomerular capsule and shrunken tubules. 


CONCLUSION 

Including our own, only five cases of tuberculous involvement of 
the suprarenal glands in Negroes are on record, a rather surprising fact 
in view of the frequency of pulmonary and miliary tuberculosis in the 
race. In this series of cases, females were more frequently affected than 
males (3:2), as against an average of (2:1) greater frequency in males 
among white people. The age incidence in these cases was somewhat 
higher than in white people. Pigmentary changes did occur in the cases 
of considerable duration. These involved areas usually uninvolved in 
white people (nail-beds, soles and palms), although this distribution may 
be due merely to the more ready recognition of pigmentary changes in 
these areas in colored patients. Changes in general pigmentation may 
become extreme and extensive. In the acute forms, pigmentary changes 
may be absent. 

The course in the cases recorded was more rapid than in white 
people. Nervous symptoms were not prominent in any case. Laryngeal 
symptoms—hoarseness, pain on speaking and a choking sensation—were 
prominent, or even presenting, symptoms in this group of cases. No 
local evidence to explain these symptoms was present. Asthenia was 





a prominent symptom; anorexia was marked. In all cases, except in 
those in which pigmentary changes and gastro-intestinal and asthenic 
symptoms were marked, the diagnosis, always difficult to make in white 
people, was extremely difficult; in the acute case, it was not often made 
except at autopsy. 
SUMMARY 

The fifth case of Addison’s disease in a Negro, with autopsy observa- 
tions, is recorded in detail. The other recorded cases are reviewed. 

A comparison is made with the disease in white persons. The diffi- 
culty of diagnosis and the prominence of symptoms not usually stressed 


in white people are emphasized. The laryngeal and respiratory svmp- 


toms are stressed particularly. 
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CHEMISTRY AND METABOLISM IN EXPERIMENTAL 
YELLOW FEVER IN MACACUS 
RHESUS MONKEYS 


II. NITROGEN METABOLISM * 


A. MAURICE WAKEMAN, M.D 
AND 
CLARE A. MORRELL, M.A. 


NEW HAVEN, CONN. 


In the preceding paper,’ determinations of nonprotein nitrogen and 
its individual nitrogenous components in the blood of normal Macacus 
rhesus monkeys and similar animals infected with yellow fever were 
presented. It was shown that in the terminal stage of yellow fever, the 
amino-acid nitrogen in the blood increased greatly, both in absolute 
magnitude and in proportion to total nonprotein nitrogen and other 
individual nitrogenous constituents. Urea nitrogen, on the other hand, 
did not rise, or rose little in proportion to amino-acid and total non- 
protein nitrogen. In a few instances it actually diminished. The 
nature of the observed changes indicates that the chief disturbance of 
nitrogenous metabolism in yellow fever is the destruction or impair- 
ment of the power of the liver to deaminize amino-acids and to form 
urea. 

However, definite conclusions cannot be drawn from studies of the 
blood alone. In order to estimate the rates of formation and destruc- 
tion of nitrogenous metabolites, simultaneous studies of blood nitrogen 
and total nitrogen metabolism were carried out on a series of monkeys 
infected with yellow fever. These studies, which are reported in this 
paper, confirm the results of studies on the blood reported in the pre- 
ceding article.1 Uric acid metabolism remains essentially unaltered, 
but the functions of deaminization and urea formation are profoundly 
injured. 

The technic employed in the metabolism experiments was described 
in detail in the first paper.’ 

Only protocols of typical experiments are given. Those which 
have been chosen are, however, representative and afford a complete 
picture of the metabolic disturbances encountered. 


* Submitted for publication, Jan. 30, 1930. 

1. Wakeman, A. M., and Morrell, Clare, A.: Chemistry and Metabolism in 
Experimental Yellow Fever in Macacus Rhesus Monkeys: I. The Concentration 
of Nonprotein Nitrogenous Constituents in the Blood, Arch. Int. Med. 46:290 
(Aug.) 1930. 
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Protocols of the experiments are given in the following paragraphs, 
and corresponding metabolism data are presented in tables 1 to 5 


inclusive. 


CHANGES IN THE NONPROTEIN NITROGENOUS CONSTITUENTS OF BLOOD 
AND URINE DURING THE TERMINAL STAGE OF YELLOW 
FEVER: EXPERIMENTAL WORK 
EXPERIMENT 1.—Macacus rhesus M3, a large male in good condition, was fed 
diet no. 3, beginning on April 28. On April 29, the animal was infected by a 
mosquito bite. On May 2, it was quite normal in appearance, and a blood sample 


Taste 1.—Changes in the Nonprotein Nitrogen Constituents of Blood and Urine 
During the Terminal Stage of Yellow Fever in Monkey M3 











Non- Amino- As per Cent of 
protein Urea Acid Total Nitrogen 
Nitro- Nitro- Nitro- -————~——_——,__ Sugar 
gen, gen, gen, Urea Amino- Mg. 
Mg. Mg. Mg Nitro- Acid per 
Blood Taken per Cent per Cent per Cent gen Nitrogen Cent Comment 
May 2, 2 p. m., from 43 s 46 18 109 Last mea! at 
right foreleg 9:30 a. m. 
May 3, 8:10 a. m., from 61 : 23 25 5 Last meal at 
right foreleg 4:30 p. m. May 2 
May 3, 4:10 p. m., from 67 E 2 25 i Last meal] at 
right foreleg 9:10 a. m. 


May 8, 10:15 p. m., from 99 § 33 5 3 f Last meal at 
heart; 10 minutes post- 5 p.m. 
mortem 


As per Cent 
Urine Nitrogen as of Total 
-- nd — Nitrogen 
Urine Urea —"—_— 
Vol- + Amino- Urea Temperature 
ume, Total, Urea, NHs, NHs, Acid, * + Amino- —_— . 
Date Ce. Mg. Mg. Mg. Mg. Mg. NHs_ Acid Acetone A.M. P.M. 
\pril 28 37 485 563 610 33 7 Negative 102.0 102.7 
April30 35 445 235 2 260 f 5 ‘ Negative 2. 102.7 
May 1 65 712 407 . 452 24 3 3 Negative i 103.5 
May 2* 65 836 504 36 540 23 273 5 3 Negative 104.9 
May 2 * 65 836 504 36 540 2% 273 3 Negative . 104.9 





* Weight = 4.3 Kg. 
+ Died at 10:05 p. m. 
} Specimen voided at 3:00 p. 


was taken. On May 3, it was drowsy but vigorously resisted handling when the 
second blood sample was taken at 8:10 a. m. It was lying down, weak and list- 
less at 4:10 p. m. when the third blood sample was taken; at 7:10 p. m. it was 
lying down and was unconscious. Death occurred at 10:05 p. m. A sample of 
blood was taken from the heart ten minutes post mortem. 

The urine had been tested each day for acetone with the possibility in mind that 
there would be a long premortal period with a low blood sugar level. Such was 
not the case, and it was not until shortly before death that the blood sugar fell 
below the normal level. 


The results of blood and urine studies are recorded in table 1. 
This experiment was chosen for presentation because it illustrates 


the rapidity with which the blood changes develop during the last hours 
of the disease. It does not permit exact estimation of nitrogen metab- 
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olism, because dietary and stool nitrogen were not determined. The 
most striking feature of the experiment is the absolute diminution of 
formation had 





blood urea in the last six hours of life after ur 
ceased. 

Studies were made to investigate more thoroughly the changes 
occurring in nitrogen metabolism during the terminal period of yellow 
fever. Protocols of four typical experiments are given here. One of 
the animals (M1) recovered, and three (M 5, M 4 and M 2) died 


EXPERIMENT 2.—Macacus rhesus M1, a large male, 
diet no. 1 beginning on August 14; metabolism studies 
On September 1, the monkey was inoculated with 0.5 
virus; on September 7, it was reinoculated with 1 





September 10, the animal appeared ill, and was found lying down, but arose if 


disturbed; it vomited 60 cc. of substance between 5 and 8 p. m 








On September 11, the animal was weak after the witl ‘ f 12 cc. of blo 
The usual diet was replaced by 15 Gm. of cane s 0.2 Gm. of salt 
60 cc. of water, given both morning and ev t 5 p. m., the animal was 





distinctly weak. The morning of September 12 f 








it vomited in the afternoon. When offered 15 Gm. 
} 





salt in 60 cc. of solution at 5 p. m., the monkey ¢ 
2 


er 13, it was decided! 





the remainder. On Septe 





On September 15, a small abscess was drained at th 
moral artery, which healed uneventi The 
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The results of metabolism and blood s 


tudies are nt 
The figures represent the average values 


decimals have been omitted in th 


in this and other 
‘ apparent constancy of the 


] 


acid nitrogen in some periods. 


nitrogen are insignificant for the purpose of this study, ¢ 
nd clearness justify their omission in the tables. The figures 


Iractions as percentage ol 


senting the urine nitrogen 
have also been reduced to the nearest whole 


number, 
case of uric acid. 


The nitrogen balance was calculated by subtracting the urin 
the feces nitrogen from the diet nitrogen. The rest nitrogen 
remainder after subtraction has been made from total nitrogen 


letermined nitrogen fractions. 


There is little disturbance of blood nonprotein nitrogen metal 


this, as in other cases in which recovery 


occurred. Failure to take 


the full diet, rise of urinary nitrogen and production of a nega 
balance from September 10 to 12, inclusive, are the only signs 


ease evident in the nitrogen metabolism. 
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: » 9 1 a 
September 22, the blood samp 


ple was taken and the monkey was inocul 
cc. of Asibi strain blood virus. It vomited 8 cc 


] . of the diet at 2 p. m 

ss. On September 25, the monkey vomited 5 cc. of 
ts diet between 2: 30 and 4: 30 p. m., 

On September 26, the 


on September 27, it was definitely less active; it \ 


»wed no other signs of illn 


but it looked well. 


animal vomited a small amount 


it vomited 5 cc. of the diet at 
5 cc. at 8 p. m. On September 28, a blood sample was taker 
[he monkey was bright and active in the morning, but lay down in the af 


a. m. and 


in Senter ” 
September 2Y, 


it was weaker, lying down when undisturbed. 
vas very weak. Death occurred the following day at 6:15 a. m 
\t 6:30 a. m., 25 cc. of blood was removed from the heart. When the |! 
is removed from the cage at 6:30 a. 1 


, ¢ 


n., about 60 cc. of black fluid poured 
he nose and mouth. Analysis of this material showed it to contain 198 mg 
itrogen and 650 mg. of chlori ic centimeters of dark-colored 
which wa ren washed led 


vas taken from the bladder, ashed with distilled 


water 


In this experiment the day and night urine was analyzed separatel 
on the supposition that during an attack of yellow fever, alterations 
might be more easily demonstrated in the shorter periods. However, 
this was not found to be the case and only the results of twenty-four 
hour periods are presented in table 3. The small day volume compared 


with the night volume was attended by the excretion of larger amounts 
Cai 


itrogen during the night. 


The nonprotein nitrogen in the serum on September 28 was found 
» be 28.6 mg. per cent of the serum. Since this value was within the 
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normal range, normal values for the nitrogenous constituents ot whole 
blood were assumed. Blood taken from the heart fifteen minutes post 
mortem contained 65.8 mg. per cent of nonprotein nitrogen; 18.2 mg 
per cent of urea nitrogen; 14.5 mg. per cent of amino-acid nitrogen ; 
0.9 mg. per cent of uric acid, 2.3 mg. per cent of creatinine and only a 
trace of ammonia nitrogen. 

The metabolism data from this experiment are given in table 3. 











EXPERIMENT 4.—Macacus rhesus M4, a medium-sized male, in rather poor 
condition, with thin hair and puffy eyelids, feebly resisted handling and was seen 
to be lying down occasionally. Diet no. 3 was begun on October 22 and the 


metabolism studies on October 27. On October 31 and November 1, an unknown 


amount of urine was lost. On November 2, an inoculation with 0.5 cc. of Asibi 
strain blood virus was given. On November 5, the monkey was lying down and 
was unconscious; a slight diarrhea was observed. The animal died at 11:15 p. m 

Blood was obtained from the heart ten minutes post mortem. About 8 cc 
»f urine was recovered from the bladder. Autopsy revealed a well advanced 


Ghat A teeter on > 


% case of yellow fever. No other abnormalities were discovered to explain why 
# the monkey had been in such poor general condition. 
oo 


This monkey presented a consistently negative nitrogen balance, which increased 
during the febrile period. The slight diarrhea observed on the last day of life 
greatly increased the stool nitrogen for this period. 


The results of metabolism and blood studies are presented in table 4 








EXPERIMENT 5.—Macacus rhesus M2, a large male, was in excellent condition 
It was fed diet no. 3, beginning November 8, and the metabolism studies were 
begun November 15. 


On November 19, an inoculation with 1 cc. Asibi strain blood virus was given 
The animal vomited 5 cc. of the diet at 8:30 a. m., but showed no other signs of 
illness. On November 22, it appeared weak and did not resist handling as it 
usually had. At 4 p. m. it vomited 15 cc. of the diet. On November 23 it 
vomited and again on November 24, when no feces were passed. On November 25 











Fs the monkey was much weaker; no feces were passed. On November 26, weakness 
i increased, and by evening the animal was prostrated. No feces were passed on 
a this day. On November 27, there were large diarrheal stools at 8 a. m The 


monkey was unconscious at this time, and died at 10:15 a. m. 


The results of metabolism and blood studies are presented in table 5 









That stool nitrogen is low in period 2 and high in period 3 is probably 
referable to the constipation and diarrhea, respectively, which occurred 
in these periods. The urine on November 22 was light green. On 
November 26, 312 mg. of protein was found in the urine. There was 
; a striking diuresis during the last day of life that persisted until six 
hours before death. At 2 a. m. on November 27, 30 cc. of urine was 
passed, and at 4 a. m., 29 cc. At autopsy, about 0.5 cc. was found in 
the bladder, and about 150 cc. of black fluid was recovered from the 
stomach. Since this was greater in volume than the food given on the 
preceding day, it has been assumed that no food was absorbed on 
November 26. 








The results of the experiment are given in table 5 
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HW AKEMAN-MORRELL—EXPERIMENT. 


AMINO-ACID INJECTION EXPERIMENTS 


Che ability ofa hepatectomized dog to dispose ot injected 
acid has been investigated by Bollman, Mann and Magath.* 
found in those animals in which the kidneys remained, a decrease in 
urea nitrogen of the blood and urine and large increases in amino-acid 
nitrogen. Only a fraction of the amino-acid nitrogen injected was 
excreted in seven or eight hours following the injection. They con- 
cluded that no deaminization occurred in animals after removal of the 
liver. 

Yellow fever at post mortem presents a striking picture of liver 
degeneration. How soon and to what extent this degeneration occurs 
probably depends on the rapidity of the onset and the final outcome of 
the disease. As an attempt to supplement our previous work and to 
demonstrate as clearly as possible a loss of ability to deaminize amino- 
acids in yellow fever, the following experiments were carried out. 

Two animals were given injections of glycin solution and the changes 
in blood and urine nitrogen studied. Glycin was used, since it was the 
only amino-acid available. Both of the animals used for this purpose 
developed a fever and showed some evidences of illness, but recovered. 
Each monkey received 250 mg. of glycin nitrogen intravenously on two 
separate occasions, once during the preliminary control period and 
again during the fever of yellow fever. Blood and urine were studied 
before and at frequent intervals after the injections. In neither case 
did the reactions during the febrile periods differ appreciably from 
those during the control periods. 

Metabolism Study of a Monkey That Died of a Febrile Disease of 
Unknown Etiology—As a basis of comparison with yellow fever, a 
nitrogen study of a monkey which died after a fever of unknown 
etiology (autopsy revealed some pneumonia) is included. 

EXPERIMENT 6.—Macacus rhesus M6, a large female, apparently in good condi- 

on, was fed on diet no. 3, beginning on January 18, and the metabolism studies 
were begun on January 23. No feces were passed from January 21 until January 
25, at which time a light yellow stool, about the size of a large kidney bean and 
f firm consistency, was passed; the monkey vomited 20 cc. of the diet and 
ippeared ill and generally weak, showing rapid shallow respiration. 

On January 26, the animal vomited; a slight diarrhea occurred. The condi- 


n was the same as on January 25. On January 28, there was violent diarrhea 


nd the urine was grass green in color. On January 29, the diarrhea continued, 
nd the monkey died suddenly without the signs of prostration that precede death 


m yellow fever. 


The urine and blood analysis are recorded in table 6 


2. Bollman, J. L.; Mann, F. C., and Magath, T. B.: Am. J. Physiol 
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COMMENT 
Che excretion of uric acid appears to increa 


ist few hours of life (tables 2 to 5, inclusive 
ncreases are small, corresponding in magnitude to those observed in 
e blood,’ and do not indicate any grave injury to uricolytic function. 
[he quantities excreted during the control periods are in agreement 


with those reported by Hunter and Givens. me experi- 


t 


ments the uric acid output became from two to four times the normal, 


the total changes amounted to only a few milligrams at the most and 
ire not of the same magnitude as those observed by Mann 
associates. In hepatectomized dogs which they studied, uric acid 
ippeared in the urine in such high concentration that it f 
flocculent precipitate. 

\ttention has already * been called to species differences in the metab- 
lism of uric acid. Although the power of uricolysis is not usually 
ittributed to human liver, Quincke ®° found enormous quantities of uric 

} 1] 


cid in the urine of patients who had recovered from acute yellow 
trophy of the liver. In Rabinowitch’s ® case, however, 

remained normal, and no appreciable quantities were found in the urine 
\ccording to Wells,’ the liver of Macacus rhesus is the only or 

that animal which is capable of destroying uric acid in vitro 


is true also of the living animal, and if, as Mann * has pointed 


regard to the dog, “the destruction of uric acid is the most 


njured known function of the liver with relation to metabolism,” accu 


mulation and excretion of uric acid in monkeys with vellow fever should 
be far greater than any observed. Either uricolysis in monkeys is not 


r 1 if 


1rever, O 1S 


sO easily disturbed by the hepatic lesions of vellow 
function not confined exclusively to the liver. 
Creatinine excretion was remarkably constant from day to dav 


ng control periods. A rise of temperature was always accompanied 


roughly paralleled the temperature, and the peak of the fever was usu 
lly accompanied by the maximum creatinine output. Th 


blood,? in the face 


iccumulations of creatinine in the 


creatinine excretion, indicate neither severe renal damage 


3. Hunter, A., an 

7, 1914. 

4. Bollman, Mann and Magath 
. Quincke in Nothnagel: Specielle 

Rabinowitch, I. M.: J. Biol. Chem. 83:333, 
Wells, H. G.: J. Biol. Chem. 7:171, 1910. 
Mann, F. C.: Modifying Physiologic Processes 
Liver, J . M. A. 85:1472 (Nov. 7) 1925 


e minimal 


r preceded by an increase of urinary creatinine. The quantities excreted 


] 
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bance of creatinine production. Mann and his co-workers * found that 
the excretion of creatinine in dogs was not appreciably affected by 
hepatectomy. 

In the control periods, ammonia nitrogen in the urine formed a 
rather high proportion of the total nitrogen excreted. Only in the 
case of the monkey M1 was it as low as 4 per cent of the total nitrogen. 
In the other monkeys it averaged between 7 and 10 per cent. During 
the febrile and terminal periods, the ammonia as a rule increased at the 
expense of urea nitrogen. In M 1, M 5 and M 2 (tables 2, 3 and 5) the 
ammonia output during the height of the fever became from three to four 
times the normal average. Monkey M 4 (table +) had a higher output 
during the control period than during the yellow fever period. In the 
monkey M 5 (table 3), ammonia nitrogen formed 22 per cent of the 
total nitrogen during the last two days of life. 

This increased output of ammonia may be ascribed to the larger 
output of organic acid and phosphorus during the illness. Bollman, 
Mann and Magath? found the ammonia excretion during the first six 
hours after dehepatization to be about three times greater than normal. 

The amounts of organic acids and phosphorus in the urine did not 
parallel the total nitrogen excreted but were usually largest on the 
last day of life regardless of any decline in the nitrogen excretion. 
In monkeys M1, M5 and M2 (tables 2, 3 and 5), the organic acid and 
phosphorus excretions had increased during yellow fever from two to 
tive times the normal amount, while in M4 (table 6) they were higher 
during the control period. Roman® considers that the increased 
ammonia excretion reported during acute yellow atrophy is probably 
due to the presence in the urine of organic acids, which were identified 
as sarcolactic, oxymendelic, acto-acetic and 8-oxybutyric acids. The 
organic acids in vellow fever are presumed to be acid products of 
protein autolysis. There seems to be no relationship between the 
amounts of organic acid and rest nitrogen excreted. 

Briefly stated, the ammonia nitrogen of the blood does not change 
noticeably during yellow fever, while the amount excreted in the urin 
does increase at the expense of urea nitrogen. This increase in urinary 
ammonia is coincident with larger excretions of organic acid and 
phosphorus. The organic acids and phosphorus in the urine increas: 
during the febrile and terminal periods without apparent relationship 
to the amount of rest nitrogen. 

Alterations in amounts and proportions of urea and amino-aci 
nitrogen fractions of blood during yellow fever present a pictur: 


suggestive of loss of the deaminizing and urea-forming functions of 


9 Roman, B Acute Yellow Atrophy of the Liver, Arch. Path. 4:39 


(Sept.) 1927 
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e liver. The quantities and proportions of the two fractions in the 


urine do not, at first sight, support such a conclusion. The excretion 


urea, ammonia, amino-acids and rest nitrogen during yellow fever 
presents no striking features. Normally, in spite of the controlled 
nitrogen intake, the amount of nitrogen in the urine from day to day 
was far from constant. The amount of total nitrogen excreted invari- 
bly increased during fever indicating a toxic destruction of protein. 
Macacus rhesus M6 (table 6), during a fever of unknown origin, had 
the same large increase in nitrogen excretion as was displayed in yellow 
fever. The monkeys were in positive nitrogen balance during the 
control periods and gained weight. The large increases in nitrogen 
output, together with a reduced tolerance for the diet during illness, 
brought about a negative balance during yellow fever accompanied by 
losses in weight. 

rhe increase in urine nitrogen during the febrile period consisted 
largely of urea, ammonia, and in some cases, rest nitrogen. The gain 
in amino-acid, uric acid and creatinine, while large in proportion to the 

normal excretion, contributed little to the total febrile increment. The 
rest nitrogen was unusually irregular, sometimes being larger and some- 
times smaller during the illness. The urea nitrogen normally formed 

rather low percentage of the total nitrogen. In M5 (table 3), it 
averaged only 49 per cent during the control period when the monkey 
was being fed 1.2 Gm. of protein per kilogram of body weight daily. 
While the proportion of urea excreted by the other monkeys studied 
was higher, it fell short of figures given for human beings on the same 
relative amounts of protein. Although the ammonia nitrogen in the 
urine was fairly high, it still did not compensate for the low urea 
output, and the urea plus ammonia nitrogen was low. For analysis of 
deaminization and urea formation, of course, urea nitrogen + ammonia 
nitrogen should be considered as a single component. 

The absolute quantities of urea -+- ammonia in the urine do not 
usually diminish. In fact, they usually increase. When they do 
decrease, it is only in the last hours of life when general diminution 
of nitrogen excretion indicates failure of renal function. Nor does 
urinary urea + ammonia invariably decrease in proportion to total nitro- 
ven. In the cases presented, the proportion of urea and ammonia fell 
in monkeys M 1 (table 2), M2 (table 5) and M 3 (table 1), but rose 
in M 4 (table 4). 

Analysis of the urinary data, therefore, appears to contradict the 
onclusions drawn from the blood studies. However, the activity of the 
tunctions which are under examination, deaminization and urea forma- 
tion, cannot be estimated from either the rate of accumulation of urea 

d amino-acids in the blood or from their excretion in the urine, but 
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only from the rates of production and destruction of these substances 
in the body. This is measured by the sum of the nitrogen which 
accumulates in the blood plus that which is excreted in the urine. 
Attempts to evaluate the rate of production and destruction of the 
various nitrogenous constituents have been made and are illustrated in 
charts 1 and 2. The production (or the resultant of production minus 
destruction) of any constituent must be represented by the quantity 
which accumulates in the body plus the amount found in the excreta. 
It has been assumed for purposes of calculation that at least the most 
important nitrogenous components, amino-acids and urea, are equally 


























: . 
= M5 
1400, J he — Ew ae 
| 
4200} 
| 
} 
| +t 
|/000} 
} 
| 800, = 
| 8 
tis 
loool = 
600i c ~ 
| = ne 
g 
}§ 00,5 
; i) 
4001 § 80138 
© ~ 
+ 3 604 = 
i c C 
200, E 40} § ‘a 
N 
zo} & 
i 
B amino aca CD rest 
00, 3 = 
ti a@rmmona uric acid 
a [2 urea a B creatine | 
Chart 1—The actual and relative rates of production of total nonproteir 


nitrogen and its components during normal control periods, C, the course ot 
vellow fever, YF, and the premortal stage. TJ, calculated on monkeys M5, M4 and 
M2 by methods described in the text. Actual rate of production is indicated | 

the columns enclosed in the brackets marked “mg.,” relative rate of production by 


the columns marked “per cent.” In two cases the columns are extended below the 


base line. In these instances, reductions of the concentrations of the substance 1 

the blood with unchanged or diminished urine excretion indicated actual disappear 

ance, if not destruction, of the particular constituent. This could be expressed 
; ’ 


graphically only as negative production. 


distributed throughout the fluids of the body in the same concentrations 
in which they appear in the blood and that 70 per cent of the body weight 
is fluid. The quantity of any nitrogenous component produced in 


given interval, therefore, is obtained by adding to the amount found i 
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the urine a value equal to the change of concentration of the same sub 
stance in the blood multiplied by 70 per cent of the body weight. This 
by an example. See Table 7 


method of calculation may be illustrated 

The figures used in chart 1 for the terminal period of monkey M 2 
were obtained in the following manner. The blood from this monkey 
on November 24 contained 29 mg. of total nonprotein nitrogen; 13 mg 


urea nitrogen and 8 mg. of amino-acid nitrogen, normal values. It 
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Chart 2.—Same data hown in chart 1, calculated on monkeys M3 and M1 
the case of M3, the 7 imn of 1 pre n has a fusing appearance 
ecause the existence of a large negative urea production n sitates extension of 


€ positive amino-acid pré ion below the line to overlap the urea column, 


vas, therefore, assumed that uric acid and creatinine were also normal, 
nd average normal concentrations for these substances (table 1 of 
preceding article) were used in the calculations. Blood withdrawn just 
iter death contained significantly larger amounts of all nitrogenous 
omponents except urea and uric acid, both of which had fallen slightly 
he monkey weighed 3.46 Kg. on November 24, and it is assumed that 


his weight remained constant until death; 70 per cent of 3.46 Kg 
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2.420 cc. The output of the various nitrogenous constituents is given 
in table 5. The data from other experiments are given in abstract form 
in table 8. 

Since only insignificant amounts of ammonia nitrogen are found 
in the blood they have been neglected. The values for total production 


which are given in column 6 are used in constructing the figures. 


TaeL_e 7.—Terminal Period in Monk 


1 2 3 4 5 6 
Change Accumu- Amount in 
In Blood In Blood 3et ween lation the Urine Total 
at Death, on Nov. 24, 1-2, in Body = “* in Last Produc- 
Mg. per Mg. per Mg. per 3 x 24.2, 24 Hours,* tion, 
100 Ce 100 Ce. 100 Ce Mg. Mg. 4+5 
Total nonprotein nitrogen.. 67 29 s PD 45) 1,370 
Urea nitrogen..... ue 10 13 —3 73 18% 112 
Ammonia nitrogen..... : 33 93 
Amino-acid nitrogen..... 2 8 a» 484 12 496 
Uric acid nitrogen.... : 0.24 0.29 —0).03 4.7 9 8 
Creatinine nitrogen ; ; 0.98 0.51 0.47 11.4 59 70 
Rest MICTOMED... . occ. ccccees 28 7 21 OS gz 0 


* The nature of the results is quantitatively, but not qualitatively, altered if the average 
excretion for the last two days is used for purposes of calculation. 





TasLe 8.—The Total Production of Nonprotein Nitrogen Constituents During 


} “ell Tw Fever * 




















Estimated Accumu- Tota] Nitrogen 
Nitrogen Excreted lation of Nitrogen Produced in 
in Urine as in Body Fluids as per Cent 
laEEaEEnEEERneaTEEEEEeEieeeeeneeen tll eoeeeiiemieietiieetion aN of Nonprotein 
Non- Non- Nitrogen as 
protein Urea protein - ‘ 
Nitro- + 10 Nitro 
gen, NHs, Ac gen, Urea, 
Monkey Period Mg. Mg. Mg. Mg 
M3 Control..... 715 435 13 265 ohne ee én A 6 2 37 
Yellow fever 774 496 2» 258 paaee os 3 RS 
Terminal... . 3 8 1 16 ) 1 70 #12900 —2236 44 2 
Ml; Control..... 449 7 1% cables ae bt ai 77 1 2 
Yellow fever MO 15 4 168§ ; ; ‘ 6 2 5 
M5 Control..... 139 , 91 5 58 + 3S 
Yellow fever 234 7 14 141§ 65 4 3 
Terminai.... 170 62 452 2 12 ) 31 17 52 
M4 Control..... : , 
Yellow fever 375 6 107 77 1 22 
Terminal.... 278 6 458 7 12 8 74 16 10 
M2 Control..... 186 9 101 j «2 25 
Yellow fever 235 6 12: —-145 -—48 -% -—73 = —7 8 
Terminal... . 450 278 12 1a 0 —73 484 xe 15 B 4u 


* For the calculation of the data of M5, average n 
taken from table 1 of the preveding article (footnote 1) were 
+ Rest nitrogen includes uric acid r€ 
: Recovered 
§ Not included in total] nonprotein nitrogen 






The columns marked “C” (control) and “)F” (yellow fever) in the 
figures represent the average daily excretion of nitrogen during the con- 
trol and vellow fever periods; for the calculation of columns “7 
(terminal period), urine excretion from the last twenty-four hours 


only was used 
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The assumption that nitrogenous metabolites are equally distributed 
throughout body fluids is, of course, open to serious question. However, 
it is the only possible means of approximating the actual production of 
these metabolites. Madsen,’® in studies of the distribution of non- 
protein, urea and rest nitrogen in the body, found more nonprotein 
nitrogen in muscle than in blood or other organs, both in health and in 
disease. Other organs held an intermediate position between blood and 
muscle. In nitrogen retention, the retained nitrogen was more or less 
evenly distributed throughout the tissues. Urea, according to Gad- 
\ndresen, appears to diffuse equally throughout the aqueous media of 
the body.*! Following hepatectomy, more amino-acid nitrogen has beer 
found in muscle than in blood.? It is probable, then, that the increase 
of amino-acid production is even greater absolutely and in relation to 
that of urea and total nonprotein nitrogen than the methods of calcu- 
lation here employed indicate. 

From charts 1 and 2 it becomes at once evident that the actual rate 
of production of urea +- ammonia diminished during the terminal period 
in three of the four fatal cases: monkey M 4 is the only exception. In 
one instance, monkey M 3, a large quantity of urea appears actually to 
have disappeared from the body without being excreted in the urine. 
Amino-acid production (or failure of deaminization) increased in every 
instance. The proportion of total nitrogen as urea + ammonia in every 
instance diminished, while that as amino-acid increased greatly. 

That these changes are not merely those which accompany febrile 
illnesses in general can be seen from table 6, which shows the nitrogen 
metabolism and blood nitrogen of a monkey that died after a fever of 
unknown etiology. The total excretion of nitrogen in this case is quite 
as great as that of any of the monkeys with yellow fever. However, 
throughout the period of observation urea + ammonia makes up about 
the same proportion of the total urinary nitrogen, and amino-acid excre- 
tion remains constant. In the blood, amino-acids and urea remain 
practically constant during the last twenty-four hours of the disease 


he small changes observed correspond in direction and order of 


magnitude to those which occur immediately after death.’ 


The metabolism studies, therefore, confirm the blood studies. In 
the terminal stages of yellow fever, and only in the terminal stages, 
deaminization and urea formation are destroyed or greatly impaired, 
indicating profound liver damage. To test these functions further, 
injection of glycin was carried out. The data from these experiments 


1 
} 


ave not been presented, because they showed no departure from the 
10. Madsen, S. T.: Acta med. Scandinav. suppl. 7:318, 1923 
11. Gad-Andresen, K. L.: Biochem. Ztschr. 116:266, 1921 
12. Wakeman and Morrell (footnote 1, table 4) 
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normal. The rise of amino-acids in the blood was tollowed in both 
instances by an increase of blood urea that was, if anything, greater 
during yellow fever than in the control periods. It was impossible to 
calculate the amount of extra nitrogen excreted as urea and ammonia, 
since there were considerable daily fluctuations in the amounts of urine 
nitrogen, and because at the times of the second injections (during 


to fall. However, it 


} 


yellow fever) total nitrogen excretion had begun 
was evident that the proportion of the injected amino-acid excreted 
as such was quite small and approximately the same in both periods. 
Both monkeys recovered and neither showed any other evidences of 
loss of deaminizing powers. It is an unfortunate coincidence that 
neither of them should have developed yellow fever in a malignant 
form. The experiments afford additional evidence that impairment 
of deaminization occurs only in the most advanced stages of the disease. 
The blood and urine changes occur with great speed as the disease 


1 an 
approaches a fatal termination. This is well illustrated by the case of 
monkey M 3, (table 1), and even better by monkey M 2 (table 3) of 
the preceding paper.t. The latter was inoculated on May 26, and on 
the afternoon of May 28 had a temperature of 104.6 F. At 11:30 a. m. 
on May 29, when the first blood sample was taken, the monkey was 
lying down, but he stood up when disturbed. Although the blood sugar 
at this time was only 34 mg. per hundred cubic centimeters, the blood 
nitrogen was normal. At 8:30 p. m., the animal was in a state of 
collapse. It had received no food all day. During this nine hour 

the blood non- 


interval, the blood sugar level had fallen to 18 mg., and 


protein nitrogen and its fractions had risen to the levels tvpical of the 
- 7 . a 1 7 o . 
premortal stage of vellow tever. 
Kidney Function.—Complete. or almost complete, anuria is not 
siete anadeiociatieabale } 5 ae +} — ‘ £ monkev M 3 
incommonly observed during the last dav of e. g., monkey M 3 





table 1). On the other hand, occasionally, as in the case of monkey 


i i 





M 2 (table 5), there is considerable diuresis. It has already been 
pointed out’ that the decreases in the volume of urine may be related 


+ ark $-]] . ] ~ 1 -hich reced le: 
to the marked fall of blood pressure which precedes death. 
Che ability of the kidneys to concentrate nitrogenous metabolites, 
+] \ $< } : ] WnetTrs 1 hy fae P hy 
least until the premortal period, is demonstrated by the fact that the 


he nonprotein 


at 
2.5 cc. of urine excreted by monkey M 3 (table 1), when tl 





nitrogen of the blood was about 66 mg. per hundred cubic centimeters. 


contained 25 mg. of nitrogen, or 10 Gm. per liter. The lowest concen- 
f 


sf! : f i : i a 
tration occurred in the case of monkey M 5:(table 3), which was 5.4 Gm 
, 


of nitrogen per liter. Even this was greater than the average for the 


control period, 4.9 Gm. The most concentrated urine was that of 
monkey M1 (table 2), which averaged 16.5 Gm. of nitrogen per liter 
during the vellow fever period. Part of the terminal increase of blood 


nonprotein nitrogen increases are probably to be ascribed to the 





xtraordinarily high rate ot 
isease and taxes the kidne 
re anatomically and functio 


ppear to be the chief factor 

functional disturbances of the disease. 

) produce urine in normal amounts and 
ained relatively intact throughou 


SUMMARY 


Studies of changes in the nonprotein nitrogenous 


] , Lev att 
us MONKCVS su 


cur in the blood and urine of rir 
tever are pres¢ nted. 

rhe nonprotein nitrogen, amino-acid, urea and 
blood, increase by considerable amounts during the 
Blood creatinine, uric acid and ammonia change 


and in proport 


Amino-acid increases both in absolute amount 
the nonprotein nitrogen, while urea decreases in proportion 
protein nitrogen. A few cases were found 
ibsolute decrease in blood urea nitrogen 


significant 


These changes were found to be terminal events. 


Iterations occurred during the early st: in those 
ionkeys which recovered. 

There were no marked alterations 1 
n the urine. 

The changes in the terminal period are shown 


+ 


substance 


pronounced when the accumulation of these 
fluids is considered. 
Organic acid and phosphorus excr 
bly during the disease. 
The changes observed w« 
iver function. 
No definite evidence of serious impairment of kidney function was 
hserved, except a terminal anuria probably due to extreme reduction 


ble 7 rd pressure. 
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THE HAZARD OF INCISION FOR APPARENT QUINSY 
IN DIPHTHERIA * 


J. E. GORDON, Pu.D., M.D. 
AND 
D. C. YOUNG, M.D. 


DETROIT 


The unhappy result of mistaken diagnosis is usually limited to delay 
in proper treatment. At times the penalty is greater. During the past 
few years we have been impressed with the high fatality among patients 
with diphtheria after surgical incision of the peritonsillar tissues in the 
belief that the condition was one of peritonsillar abscess. 

There are two indications for surgical intervention in diphtheria. 
Intubation or tracheotomy is necessary when membrane invades the 
larynx or trachea to such an extent as to interfere with respiration. 
E-xtraneous conditions in a patient suffering with diphtheria may require 
remediation, as acute appendicitis or fracture of the humerus, both of 
which have been seen in patients with diphtheria. 

The disease is primarily a local infection of the mucous membrane 
of the nose, throat or nasopharynx. At the site of the lesion, a power- 
ful exotoxin is elaborated by the invading infectious agent. This toxin 
passes to the blood stream by way of the lymphatics draining that region 
and produces a toxemia of high degree. Toxin carried by the blood 
may be neutralized in one of two ways. Various tissues of the body 
may accomplish this end, but only with resulting damage of considerable 
extent, particularly evidenced by tissues of the nervous and cardiovascu- 
lar systems. Free toxin before union with tissue may be neutralized 
by artificially administered antitoxin. 

Successful management of faucial diphtheria depends, therefore, on 
two considerations. Specific antitoxin must be administered early in the 
course in order that toxin entering the blood stream may be neutralized 
before union with tissues, thus preventing the degenerative processes 
which otherwise follow. 

The second consideration demands that opportunity for absorption 
of toxin from the local lesion be limited to a minimum. Trauma evi- 
dently favors absorption, because an open lesion offers more favorable 
conditions than does the relatively intact mucous membrane. Largely 
because of this consideration, local applications to the throat in diph- 
theria have fallen into disrepute. The injury to tissue which followed 
the rather vigorous application of Loeffler’s solution and similar prepa- 


* Submitted for publication, Feb. 14, 1930. 


*From the Herman Kiefer Hospital, Department of Health. 
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rations evidently did more harm than good, because of the more ready 
avenue for absorption of toxin which followed. In present practice, no 
local applications are used. So thoroughly are physicians impressed with 
the importance of avoiding local injury that little sympathy exists for 
the practice, often indulged in, of inducing bleeding of tissues covered 
by membrane in an attempt to distinguish a diphtheritic from a pyogenic 
process of the throat. That is no more necessary than feeling the lesions 
in smallpox. Careful inspection will serve equally well. 

If it is important to avoid the minimal injury to tissue resulting from 
such procedures, it is quite apparent that actual surgical incision of the 
faucial tissues must constitute a real hazard by favoring absorption of 
toxin, 

Our experience includes no instance in which incision of the peri- 
tonsillar space was practiced in a recognized case of faucial diphtheria 
Patients in this series were received in the hospital after surgical incision 
resulting from confusion of the diagnosis of diphtheria with that of 
quinsy. 

PERITONSILLAR SIMULATING DIPHTHERIA 

The differentiation of faucial diphtheria and peritonsillar abscess 
may include errors in both directions; namely, cases of diphtheria may 
be mistaken for peritonsillar abscess, and instances of abscess may be 
considered diphtheria. The latter is without great medical importance, 
as treatment is not altered except in the matter of administering anti- 
toxin, and that does not effect the favorable course of the disease. The 
only consideration is unnecessary quarantine and isolation. 

During 1928 and 1929, 2,977 patients were admitted to Herman 
Kiefer Hospital with the diagnosis of diphtheria. This diagnosis was 
confirmed in 78 per cent of the total number. Certain allied conditions 
account for most of the other cases. Common among these were acute 


follicular tonsillitis, scarlet fever, Vincent’s angina, peritonsillar abscess 


ind diphtheria bacillus carriers ; in the latter group, no pathologic factors 
were evident. The number of patients with quinsy was twenty-nine, a 
ratio of 1 per cent of all admissions. Total admissions to the service 
ior patients with diphtheria together with final diagnoses are presented 
in the appended table (table 1). 

There is no doubt that a patient with pus formation in tissues center- 
ing about the tonsil suffers from a severe type of throat infection. Cer- 
tain clinical features, however, serve to distinguish this lesion from 
liphtheria. Patients with quinsy are usually adults, those with diph- 
theria, children. In contrast to the low temperatures which characterize 
liphtheria, the temperature in peritonsillar abscess is usually about 102 
l. and may be as high as 104 F. In the severe type of faucial diphtheria 
which might be confused with abscess, it is more likely to be about 100 F. 
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Patients with peritonsillar abscess complain bitterly of soreness ot 
the throat, while in diphtheria that feature is characteristically in the 
background. Probably the most important consideration is a unilateral 
lesion of the throat in the presence of extensive pathologic change. The 
lesion in diphtheria under comparable conditions would almost surely 
involve both sides. It is true that peritonsillar abscess may be bilateral, 
but that is most uncommon; furthermore, we have never observed both 
spaces affected concurrently. Abscess of one side precedes development 
on the other. Confusion with diphtheria usually results from the not 
infrequent presence of a thin, white, often extensive exudate over the 


TABLE 1.—Differential Diagnosis of Diphtheria—2,977 Cases 





Total Total 
No. of Admissions, No. of Admissions, 
Disease Cases per Cent Disease Cases per Cent 
Diphtheria........ . 2,324 78.1 Mercury poisoning... . 1 0.03 
Tonsillitis, acute follicular 300 10.0 Poliomyelitis........ 1 0.03 
Diphtheria bacillus carrier 68 2.3 Contusion of jaw...... 1 0.03 
SONTIOG DOVE. occ vccceces : 51 1.7 a 5 ie 1 0.03 
Catarrhal laryngitis. 42 1.5 <<. .. SS tee 1 0.03 
Vincent's angina...... 31 1.0 Chronic laryngeal stenosis 1 0.03 
Bronchopneumonia.. . : 28 0.9 DEBMBUIRIOR, 6. ccc cece ceses 1 0.03 
Peritonsillar abscess. 29 1.0 RE reer ere 1 0.03 
Nasopharyngitis..... : 13 0.4 Acute lymphatie leukemia. 1 0.03 
Lobar pneumonia.. 12 04 Chickenpox and whooping 
Septic sore throat....... 11 0.4 Qos ciccessseentvadou 1 0.03 
Meningococcus meningitis. 6 0.2 Pulmonary tuberculosis, 
een 6 0.2 ass ocddsncagcanses 1 0.03 
Diphtheria and measies.... 4 0.13 Foreign body in esophagus 1 0.03 
Diphtheria and whooping Syphilitie uleer of throat.. 1 0.03 
SOAS icavaseabss ana 4 0.13 Hemorrhagic nephritis..... 1 0.03 
Rhinitis, acute.... 3 0.1 Trancheobronchial tuber- 
Chickenpox........... 3 0.1 GE akas i cbainnessrcens 1 0.08 
Edema of glottis....... 3 0.1 Typhoid fever.. bien ees.es 1 0.03 
Retropharyngeal abscess. . 3 0.1 Fibroma of nares.. 7 1 0.03 
Whooping cough........... 3 0.1 Diphtheria and German 
‘Tuberculous esd Mies 2 0.06 Pon ckeadvaanecesue 1 0.03 
Erysipelas.... ‘ 2 0.06 Diphtheria and chickenpox 1 0.0: 
Mumps...... 2 0.06 Diphtheria, measles and 
Stomatitis, apht hous. : 2 0.06 GRO, 6.0.00 cté acces 1 0.03 
Agranulocytic angin¢ 2 0.06 Diphtheria and meningo- 
Traumatic angi 2 





0.06 coccus meningitis........ 1 0.03 


involved area, which may simulate actual diphtheritic membrane. The 
accompanying hyperemia is not common in diphtheritic throats. No 
patient in this series actually suffering from peritonsillar abscess, but 
reported as having diphtheria, had had the abscess incised previous to 
admission, because of the well recognized contraindications already 
emphasized. With two exceptions, all patients of this series whose con- 
dition was diagnosed as peritonsillar abscess had four successive negative 
cultures for Klebs-Loeffler bacilli from material obtained by swabbing 
the nose and throat. One of these, a girl, aged 11, who gave a history 
of having had diphtheria, showed a single positive throat culture on her 
fourth day in the hospital. Cultures taken previously and thereafter 
were negative. The case was clinically one of abscess. The other 
patient had a single positive culture from the nose on the first day in the 


hospital, and thereafter the cultures were bacteriologically negative. The 
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acillus proved nonvirulent by virulence tests made on 
[hese two instances merely serve to emphasize the aphorism applicable 
to all branches of medicine: in the final analysis, clinical diagnosis must 
outweigh irrelevant isolated laboratory observations 

Isolation of patients with abscess suggestive of diphtheria is a courss 
to be encouraged and will minimize the unfortunate result that accon 
panies expectant treatment in diphtheria. By reporting such cases t 
the hospital for observation and diagnosis, with the full understanding 
of the patient and his family that such is the status of the case, neither 
the hospital nor the attending physician incurs criticism, and the patient 
often benefits. There were no deaths in this group of patients. In 
many instances, the condition resolved by the use of tightly applied hot 


packs to the neck. The usual hospital stay was from five to six days 
In some instances, it was necessary to incise on account of the localized 


s, but this is done to advantage only when the pus has definitely an 


completely localized. 


In the treatment of all abscesses occurring in the course of acute 
infectious diseases, more satisfactory results are obtained by delaying 
incision until the pus has definitely localized, with swelling and marked 
fluctuation by palpation. This would seem to apply to peritonsillar 
abscess as well as to abscess of the cervical lymph nodes. It certainly 
is true of retropharyngeal abscess. ‘The rapidity with which the wound 
subsequently heals more than repays one for the delay in opening the 
abscess. Complete recovery actually takes place within a shorter period 
of time. Such delay will, moreover, largely prevent the unfortunate 


circumstances attendant on making an incision in a diphtheritic throat 


PERITONSILLAR INCISION IN DIPHTHERIA 

The mistaken diagnosis of diphtheria in the presence of abscess is 
without hazard to the patient. That is not true if the condition is 
diphtheria and is diagnosed quinsy, particularly if surgical measures are 
nstituted. The ordinary simple tonsillar type of diphtheria is not con- 
tused with peritonsillar abscess. The possibility of abscess intrudes 
only when the process extends to involve the nasopharynx, uvula and 
palate, in which case marked edema and swelling of the adjacent tissues 
cur. Naturally, incision is most hazardous under these circumstances 
because of the extensive diphtheritic process present and the active 
iormation of diphtheria toxin. During 1927, 1928 and 1929, 43 of the 
3,260 patients with diphtheria admitted to the hospital had undergone 
previous surgical incision of the peritonsillar tissues; this is in the pro- 
portion of 1:75. Excluding cases of nasal, laryngeal, cutaneous and 
tonsillar diphtheria in which the possibility of abscess scarcely exists 


there was 1 such instance among every 21 cases of faucial dipl 
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theria in which the differentiation might logically be required. This 
proportion is unduly great. Surgical procedure in each instance fol- 
lowed an erroneous diagnosis of peritonsillar abscess, later recognized 
as true diphtheria. 

Many of these cases must primarily be of the nasopharyngeal type, 
in which the membrane is readily discernible only by examination of the 
posterior surface of the uvula and the back wall of the pharynx. Mem- 
brane on the tonsils may be minimal. At any rate, swelling of the 
faucial tissues is apparently so great that incision of the peritonsillar 
space is performed in the belief that the condition is one of peritonsillar 
abscess. There follows a marked production of membrane, which within 
from twelve to twenty-four hours covers the uvula, soft palate, both 
tonsils, pharynx and nasopharynx, and even extends over the gingival 
surfaces. Two cases were seen in which there was membrane even on 
the buccal mucosa of the cheek. Swelling of the neck is often so 
extreme as to interfere with respiration. The picture is one of extreme 
toxemia and constitutes malignant diphtheria, if any case justifies that 
term. The opening of a raw incised wound at the actual site of active 
lesions undoubtedly leads to absorption of toxin in a degree not other- 
wise possible. 

Whatever the ultimate outcome after peritonsillar incision, the course 
is invariably a stormy one. Of those who died, fatal termination usu- 
ally resulted within the first few days because of the extreme toxemia 
and associated circulatory failure. A typical example is represented by 
the following instance. 

Case 1.—M. S., a white girl, aged 414 years, on December 28, developed 
sore throat, accompanied by low grade fever and headache. She became worse 
progressively, the soreness of the throat being more marked on December 31. The 
left peritonsillar area was lanced on January 1. The patient made no improvement, 
and on January 2, received 15,000 units of diphtheria antitoxin. Later that da) 
she was admitted to the hospital and received 40,000 additional units. There wa 


, 


at that time, a purulent nasal discharge, and the glands of the neck were greatly 
enlarged and moderately tender. There was an extreme bilateral cervical lymph- 
adenitis with periadenitis and edema of the tissues of the neck. The tongue was 
glazed and dr A necrotic. gravist 1. somew! hemorrhagic mirane envererd 
giazed and dry. A necrotic, grayish red, somewhat hemorrhagic membrane covere 





the tonsils, uvula, soft palate and posterior pharyngeal wall. The throat was 





moderately red, with an intense edema of the faucial tissues. A surgical incisior 
extended from the lower part of the soft palate, on the left, down to the tonsi! 


that side. The borders of the heart were moderately enlarged to the left, and the 
first heart sound was softened. The fever was 101.8 F. by rectum, the pulse s 
and indeterminate. The patient appeared to be extremely toxic; circulatory failur 





was progressive, and death occurred twenty-four hours after admission 

Four patients survived the acute stage of the illness to die late in 
the disease, about the thirty-fifth day, of multiple postdiphtheritic 
paralyses and ultimate respiratory failure through dysfunction of the 
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hrenic nerve. Among the patients who recovered there were also fou 


who had this type of late neurologic condition, but who eventually recov- 


ered after a long stay in the hospital, in one instance after ninety-one 


ase 2.—W. S., a youth, aged 18, on January 14, developed a sore throat 
1 


unied by headache and low grade fever. On January 16, the throat was lanced 


accon 


No culture was taken for B. diphtheria. On January 18, he was given 90,000 
nits of antitoxin and brought to the hospital. Swelling of the neck was extreme 
1¢ membrane in the throat covered practically all visible structures. The t 


perature was 99.8 F. The patient continued to be extremely ill during the subse 


uent few days. On January 23, paralysis of the palate developed 


; by January 26 


is condition was extremely poor and his color, ashy gray 
heard over the apex of the heart. The systol 
ercury and the diastolic to 55. His condition was precarious for the next week 

thereafter the circulation improved. Unfortunately, 


; a gallop rhythm was 
ic blood pressure dropped to &5 of 


—— ] 
successive paralyses 


, the pharynx and the larynx. Eventually, 


peripheral nerves involved the palate 


Fatality in Diphtheria After Peritonsillar Incision, Compared wit! 


Ar 


General Fatality from Diphtheria, by Age Groups 


Fatality in All Types 
Fatality, of Diphtheria, 
Age, Years Deaths per Cent per Cent 
Oto 
5 to 
10 to 
15 to 
20 to 29 
10 to 39 
40 to 49 
D0 to 59 


100.0 
7.0 
50.0 
67.0 
0.0 
0.0 
30.0 
100.0 
Total.. 


all 


nerve occurred with consequent respiratory embarrassment. The heart failed 
under this strain. The patient was irrational on February 23; circulatory failure 


four extremities were involved, and on February 18, paralysis of the phrenic 


became more pronounced with a return of gallop rhythm, and marked coldness 
ind numbness of the extremities followed. The patient died on February 24, 


irty-seven days after admission to the hospital 


The fatality in these conditions reaches unprecedented levels. 
| wenty-five of forty-three patients died, giving a fatality of 58 per 
cent. Among’ patients with diphtheria of equal severity other than for 
th 


the factor of incision, whose membrane was just as extensive and who 
had received antitoxin for the first time at essentially the same stage 


of the disease, the fatality was 34 per cent. The fatality for diphtheria 
of all types during the period considered was 12.9 per cent. The hazard 
| incising the throat in diphtheria would thus appear to be real. It is 


reater than the actual data indicate, because most of these patients were 
n advanced age groups, which have a fatality measurably less than that 


1 young children. This is well illustrated by the accompanying table 
table 2). 





nayeraee nner. 
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Perhaps the most important deduction from analysis of these forty- 
three case records of peritonsillar incision in diphtheria is the conclusive 
demonstration that when antitoxin is given shortly after the incision is 
made, the fatality is far less than if administration is delayed twenty- 
four hours or more. Antitoxin was administered to nineteen patients 
within twenty-four hours of the time of operation, although in some 
instances in small amounts only. The fatality was 35 per cent, which 
corresponds almost mathematically with the fatality for patients with 
diphtheria of approximate severity when incision was not practiced, 
namely, 34 per cent. The remaining twenty-three patients were given 
antitoxin at a later period, in all instances twenty-four hours or more 
after operation, and in one instance three days. The fatality in this 
group was 77 per cent. These data tend to corroborate our hypothesis 
that the facility of toxin absorption provided by the open wound accounts 
for the remarkably high fatality. The incision itself, however, does not 
markedly affect the ultimate result if the error is immediately compen- 
sated by injection of diphtheria antitoxin. 

The delayed administration of antitoxin does not of itself account 
for the greatly increased fatality in these cases. Careful comparisor 
with control cases of equal severity and essentially the same duration 
in days demonstrates an almost identical fatality in the two groups, pro- 
vided antitoxin was given within twenty-four hours of the time the 
surgical incision was made. 

So far as can be demonstrated, no increase in fatality through 
increased opportunity for absorption of toxin follows tracheotomy or 
the less definite trauma attendant on intubation of the larynx. Why. 
then, the danger from operative procedure in the peritonsillar region ? 
The answer is that tracheotomy and intubation are performed with the 
diagnosis of diphtheria definitely made, and administration of antitoxin 
has preceded or immediately follows the operation. Under similar con- 
ditions, we have shown that little added risk accompanies peritonsillar 
incision. The danger is in delaying the administration of antitoxin 
Of minor importance is the fact that Ivmphatic drainage from the 
larynx and trachea is less rich than from the pharynx and nasopharynx 

The high fatality in this group occurred despite energetic treatment 
Larger amounts of antitoxin than usual were given because of the recog- 
nized severity of the illness from which these patients were suffering 
Two patients received 90,000 units of antitoxin, five received 80,000 
and the usual dose was from 60,000 to 70,000 units. Many patients 
were given serum intravenously. 

The one important recommendation that we would make is that 
whenever a supposed peritonsillar abscess is incised without deliver 


of pus antitoxin be administered immediately. If the condition actual! 
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an abscess, no harm is done; if it proves to be diphtheria, the hazard 
life is not markedly increased by incision. Delayed administration 
antitoxin beyond twenty-four hours almost invariably results in 
‘ath. 
CONCURRENT DIPHTHERIA AND ABSCESS 
Incision of the fauces in diphtheria cannot often be justified by 
mcurrent presence of diphtheria and quinsy in the same patient. It 
is true that many patients with diphtheria have at the same time double 
infection of the throat with diphtheria bacilli and some pyogenic invade 
Hemolytic streptococci can be isolated from about one fourth of all 
diphtheritic throats. Many of the severe cases of diphtheria are actually 
the result of such double infections, and the cervical lymphadenitis, 
edema and hyperemia of the fauces are due to the action of pyogenic 
cocci as much as to the diphtheria bacillus itself. Despite the frequency 
of such secondary infections, only one instance was noted among 3,260 
cases of diphtheria in which peritonsillar abscess was associated with 
icute diphtheria. The abscess subsided without surgical intervention 
\bscess complicated convalescence only three times, always after the 
disappearance of an extensive membrane, once on the seventh day, once 
on the tenth day and once on the twenty-first day. In no instance was 
surgical incision necessary. 
CONCLUSIONS 
Peritonsillar incision in diphtheria causes an extremely high fatality 
It happens through confusion in differentiating faucial diphtheria from 
quinsy. Adults are most commonly concerned, because diphtheria is 
usually considered in the differentiation of types of sore throat in chil- 
dren, less commonly in angina of adults. High fever is a valuable 
symptom in distinguishing pyogenic from diphtheritic sore throat. Bilat- 
eral swelling of the fauces should suggest diphtheria ; unilateral swelling, 
peritonsillar abscess, although exceptions are noted. 
The necessity for incision of peritonsillar abscess is rarely so urgent 
that in doubtful cases operation may not be delayed until a culture has 
heen taken to determine whether or not the diphtheria bacillus is present 


Whenever a supposed peritonsillar abscess is incised without delivery 


{ pus, we suggest immediate administration of diphtheria antitoxin. Ii 


the condition actually is an abscess, no harm is done; if it proves to be 


t 


liphtheria, the hazard to life is not markedly increased by incisio1 


Delay in the administration of antitoxin bevond twenty-four hours almost 


nvariably results in death. 
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DEMONSTRATION OF LOCAL IMMUNITY OF THE 
PERITONEUM BY MEANS OF THE 
SHWARTZMAN PHENOMENON * 


IRVING A. FRISCH, M.D. 


NEW YORK 


The conception of local immunity, i.e., the locally increased resist- 
ance of a tissue or organ without the participation of the organism as 
a whole, is not a new one. It has long been recognized that the tissue 
cell, as the ultimate functional body unit, must be the source from which 
originate the various protective constituents of normal and immune 
serums, and that it must be in these cells that the primary changes of 
the processes known as immunization take place. In support of this 
view there are both clinical and experimental data; of the former, one 
notes, for example, the occurrence of crops of furuncles in widely dif- 
ferent parts of a patient’s skin, one crop healing only to have another 
crop arise; there the process of limitation and healing of the infected 
foci is surely not due to any generalized resistance, but rather to local 
causes. On the experimental side there is, among others, the work of 
Romer! on abrin immunization of the conjunctiva; of Kraus and 
Volk? on the demonstration of the corneal immunity against vaccine 
virus; of Wassermann and Citron,® who demonstrated the lowering of 
the antibody content of the blood immediately following the removal 
of the local source of production. 3esredka* and his followers 
attempted to explain the phenomena of local immunity on the basis 
that for each disease there is a certain vulnerable receptive tissue which 
acts as the normal portal of entry for the virus, and that the protection 
is conferred on the individual by the local immunization of the specific 
portal of entry, irrespective of any generalized reaction by other cells 
in the body. In Europe, especially France, his principles have been 
applied in the subcutaneous vaccination against anthrax, and also, to a 
lesser extent, in the prophylactic immunization by mouth against 
typhoid, paratyphoid, cholera and bacillary dysentery. Gay,® in a 
review of the subject, stated that Besredka’s explanations of the 


* Submitted for publication, Dec. 17, 1929. 
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observed facts are not wholly acceptable. He nevertheless atfirmed 
his belief in the existence of a truly localized form of immunity. Stein 
berg and Goldblatt,® and later Herrmann,’ showed by means of experi- 
ments on animals that intraperitoneal injections of streptococcus and 
colon bacillus vaccine were of definite value in affording protection 
against fecal soiling of the peritoneum. 

In order to demonstrate further the occurrence of local peritoneal 
immunity, I have employed a phenomenon of local skin reactivity to 
certain bacterial culture filtrates, first described by Shwartzman®* in 
1928, and confirmed by Hangar * and by Ecker and Welch '® (the lat- 
ter investigators using the term Shwartzman phenomenon). A rather 
complete description of this phenomenon is essential in order to under- 
stand fully the following experiments. | Shwartzman’s original work 
was done with a culture filtrate of B. typhosus. The injection of 0.25 
cc. of such a toxic substance into the abdominal skin of a normal 
rabbit will produce no reaction, except perhaps a mild erythema. (It is 
worthy of note that different areas of skin of the abdomen of the same 
rabbit may present considerable variations in the intensity of the primary 
erythema produced by injection into the skin of B. typhosus culture 
filtrate.) If, then, after a period of twenty-four hours one injects as 
little as O.OF cc. of the toxic substance per kilogram of body weight 
intravenously, there is produced within two hours after the injection a 
blue discoloration at the site of the previous injection into the skin; 
this discoloration increases rapidly, until at the end of four hours it is 
extremely pronounced as a dark blue central area with a deep red zone 
at the periphery ; the skin over these hematomas is glossy and smooth."! 
Histologic sections of such a hemorrhagic area show a severe type of 
hemorrhage and necrosis, with edematous skin, ruptured blood vessels, 
engorged subcutaneous tissue, extensive leukocytic ingestion and pro- 
nounced necrobiosis of these cells both inside and outside of the blood 
vessels. 

6. Steinberg, B., and Goldblatt, H.: Peritonitis: I\ Production of Active 
Immunity Against the Fatal Outcome of Experimental Fecal Peritonitis, Arch 
Int. Med. 42:415 (Sept.) 1928 

7. Herrmann, S. F:. Experimental Peritonitis and Peritoneal Immunity, 
Arch. Surg. 18:2202 (May) 1929. 

8. Shwartzman, G.: Proc. Soc. Exper. Biol. & Med. 25:560, 1928; J. Exper 
Med. 48:245, 1928; Proc. Soc. Exper. Biol. & Med. 26:131, 1928; J. Exper. Med 
49:593, 1929; Proc. Soc. Exper. Biol. & Med. 26:207, 1928; ibid. 26:843, 1929; J 
Infect. Dis. 45:283, 1929; J. Exper. Med. 50:513, 1929; ibid., to be published 

9. Hangar, F. M.: Proc. Soc. Exper. Biol. & Med. 25:775, 1928 

10. Ecker, E. E., and Welch, H.: J. Exper. Med. 51:409, 1930 


ll. The factors which induced the local skin reactivity are termed 


Preparatory Factors” and those involved in production of local hemorrhagi 
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ns following the intravenous injections, “Reacting Factors 
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This reaction may be produced in as high as 85 per cent of rabbits 
nto which injections are made. The intensity and size of the local 
hemorrhagic reactions are in no way related to the intensity of the 
erythema produced by the preparatory injection into the skin; animals 
that show no primary erythema may show a very strong hemorrhagic 
reaction after intravenous injection, and, conversely, animals that show 

marked primary erythema may not react at all to the intravenous 
dose. That the local trauma produced by the preparatory injection into 
the skin is not in itself responsible for the localization of the toxic 
factors introduced intravenously is evidenced when one injects non- 
specific irritating substances (turpentine or sterile tryptic digest broth) 


into the skin in place of B. typhosus filtrate. Under such conditions 
the intravenous injection of B. typhosus culture filtrate is not followed 
by any reactions. Moreover, if instead of injecting the second dose 
intravenously, one makes another injection into the original area 
twenty-four hours later, no hemorrhagic necrosis is produced; instead 
there is only a pronounced reddening of the skin, shown histologically 
by a marked cellular infiltration without, however, any breaking up of 
the cells or damage to the blood vessels. Furthermore, if the secondary 
intravenous injection should be given before fifteen hours or after 
thirty-two hours, no hemorrhagic reaction results. Thus there is in 
the phenomenon an entirely new reaction the main features of which 
are: (a) local skin reactivity; () a definite short incubation period 
necessary to induce this reactivity (from eighteen to thirty-two hours) ; 
(c) a short duration of the state of this reactivity; (d) the ability to 
induce local reaction by a single skin injection, and (c) the necessity to 


make the second injection of the toxic substance by the intravenous 


“O11 1 ? r } te fer ths 1- ~ op pommel «apes . ——_ 
route. In attempting to modify this last condition, I tried various other 





icing the toxic substance into the body. 
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s used were prepared follows: (a) Tw 

tic digest broth were -d to 2,000 cc. Erle 
growth of one 24 hour old 

de 10 cc. salt sol 
tion. Ten cubic centimeters of snsion was added to each Erlenmeyer 
flask. The cultures were then through paper and cotton and _ finally 
through Berkefeld V candles. “ iltrates were tested for sterility and then 
titrated as to their toxicity by means of the typical Shwartzman react It was 


found that they would give positive reactions in about 75 per cent of the animals 
: ‘ 


tested if one used as the intravenous dose 2 cc. per kilogram of the body weight 
f the rabbit. This toxic substance was labeled Tz 527. (6) Each of four Koll 
: 


flasks was inoculated with the entire growth of one 24 hour old agar slant of 


¢ 
ti 
, 
1 
yphosus (strain T:) which had been suspended in 4 cc. of salt solution. After 


an incubation period of twenty-four hours, the surfaces of the colonies in eac 





flask were washed with 10 cc. broth and these ngs were placed on the sur 
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re as little as 0.2 cc. 
ince Was labeled he 
rperimental 
527 was injected into the upper 
abdomen of eight rabbits. T 
of body weight was fed 
he typical hemorrhagic rea 
[These experiments were 
is shortened. to fourteen hours to allow for the slower 
gastro-intestinal tract. The results, however, were all 
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Protocol 2: Five-tenths cubic centimeters 
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upper and lower right and left areas of the skin o 
bbits. Twenty hours later 8 cc. of the filtrate per kilogram 
injected into the thigh muscles of each of eight rabbits. In 
its was any hemorrhagic reaction produced. This experimen 
d; this time 10 cc. of the filtrate per kilogram of body 
a skin incubation period of fiiteen hou The same 
ined. 
order to determine whether any 
for the prevention of the reacti 
some of the culture filtrate before 
ominal skin; twenty-four hours later the 
usly into these rabbits, and typical hemorrhagic 


te of the preliminary injection. 
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Protocol 3: Five-tenths cubic centimeter of culture filtrate Tx 527 was injected 


our areas of the abdominal skin of twelve rabbits. Twenty-four 
of these rabbits was given 6 cc. of the filtrate (T.527) per kilogra 
ight intraperitoneally. Four hours after the intraperitoneal inj: 
made, blue discolorations appeared at the site of the previous skin 
four animals. The discolorations observed rapidly increased until 
hours the reaction became extremely pronounced, the areas being 
he center with deep red zones at the periphery. 
\ repetition of the foregoing intraperitoneal experiment, this time 


lve rabbits and allowing only eighteen hours for a skin incubation 


€ positive results (hemorrhagic reactions at the site of the original skin 
) in six rabbits. 
\nother repetition of the experiment, allowing a skin incuba 


nty hours and using 3 cc. of the filtrate per kilogram of body weight, gave a 


tion peri d oO! 


tive reaction in one of eight rabbits so treated. 
\s is seen from the foregoing protocols, the phenomenon of local 
kin reactivity to B. typhosus can be produced by intraperitoneal, as 
as by intravenous, injection of the same filtrate. 
[t was not possible to produce this phenomenon, however, when the 


ond injection was introduced orally or intramuscularly. Just why 
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these methods failed to produce the reaction is not fully clear, as 
eventually the toxic substance must be absorbed into the blood stream. 
As was noted, muscle extract, when mixed with the filtrate and injected 
into the skin, failed to inhibit the reaction when done by the intra- 
venous method. 


THE DEMONSTRATION OF LOCAL TISSUE IMMUNITY 


On the basis of the fact noted, namely, that the Shwartzman phe- 
nomenon could be elicited by introducing the reacting factors by the 
intraperitoneal route as well as by the intravenous route, the following 
experiments were performed. 


Method.—One-tenth cubic centimeter of the B. typhosus filtrate A, was 
injected into each of four areas of the abdominal skin of thirty rabbits. Twenty 
hours after the preliminary skin injection each rabbit received 0.5 cc. of this 
culture filtrate per kilogram of body weight intraperitoneally. (A previous titra- 
tion had shown that 0.3 cc. of this toxic substance per kilogram was sufficient to 
produce a positive reaction as evidenced by marked hemorrhagic necrosis at the 
site of the initial skin inoculation.) It was then attempted to immunize these 
fourteen positive rabbits against the toxic substance of B. typhosus. (For the 





purpose of immunization the less powerful toxic substance, T, 527, was used, the 
minimum titrated intraperitoneal dosage of which was 4 cc. per kilogram of body 
weight.) These fourteen rabbits were then divided into four groups. 

Group 1 (Two Rabbits): These rabbits received no further immunizing dose, 
but five days after the initial intraperitoneal injection they were again tested in a 
similar manner (B. typhosus culture filtrate As, 0.1 cc. into the abdominal skin, 
followed in twenty hours by 0.5 cc. per kilogram of body weight intraperitoneally ) 
and were found still to react in a markedly positive manner. 

Group 2 (Two Rabbits): Three days after the initial intraperitoneal dose, 
these animals received a second intraperitoneal injection of B. typhosus culture 
fiitrate (4 cc. of culture filtrate T: 527 per kilogram of body weight). After four 
more days, they were retested in the original manner with the B. typhosus culture 
filtrate A. and positive reactions were still obtained. 

Group 3 (Eight Rabbits): These animals received an intraperitoneal injec- 
tion of B. typhosus culture filtrate, T. 527, every third day, the dosage varying 
from 4 to 6 cc. per kilogram of body weight, in all five injections. Two rabbits 
died during the course of these inoculations. Three days after the last inoculation 
the remaining six rabbits were again tested by means of the preliminary skin dose 
of 0.1 cc. of culture filtrate A, followed in twenty hours by an intraperitoneal 
dose of 0.5 cc. of the same substance per kilogram of body weight. All of these 
rabbits, which previously had reacted to the intraperitoneal injections in a positive 


: , ul 


manner, i. e., a hemorrhagic necrosis occurred at the site of the original inocula- 
tions, were found to be negative, i. e. they gave no cutaneous reaction. Tw 
days following this, the process was repeated, only this time the second dose ot 
culture filtrate was given intravenously. For the intravenous dose the amount of 
Three of the six 


1e site of the cuta- 





filtrate A. used was 0.2 cc. per kilogram of body weight. 
rabbits showed markedly hemorrhagic necrotic reactions at t 


neous inoculations; one gave a completely negative response, 


showed weakly positive reactions at the site 


the other tw 














Group 4+ (Two Rabbits) These rabbits were given injections in 
ner to those in group 3, except that they received six intraperitoneal 
as 


lr, 527. The result of the intravanous retest showed a markedly positive 1 


n in one, while in the other the abdominal areas remained unchanged 


It is thus seen that of the fourteen rabbits in which a skin reactivity 
was induced on the introduction of the toxic substance intraperitoneally, 
the last two groups, which received from five to six intraperitoneal 
immunizing doses, were rendered negative to a repetition of this reac 
tion. Following this, however, when the toxic substance was intro- 
duced into the previously prepared animals intravenously, the typical 
local hemorrhagic reaction was found to be present in six animals, 


eing markedly positive in four of these, weakly so in two and entirely 
bsent in only two animals. 


Retesting of Retesting of 
Skin Reactions at Rabbits Susceptible Rabbits Susceptible 
Previously Prepared Number to Shwartzman to Shwartzmar 
Sites, After Intra- of Intraperi- Phenomenon Using Phenomenon Us 
peritoneal Injection toneal Injections B. Typhosus Culture B. Typhosus Culture 
Number of of B. Typhosus of B. Typhosus Filtrate, Introduced  Filtrate, Introduced 
Rabbits Culture Filtrate* Culture Filtratet Intraperitoneally* Intravenous!ly 
1 ri 5 0 


hemorrhé negative) 


* These rabbits received 0.5 ce f filtrate As per kilogram of body weight 
+ These rabbits received from 4 to 6 ce. of filtrate T, 527 per kilogram of body weight 
: These rabbits received 0.2. ce. of filtrate As per kilogram of body weight 


NUMBER OF INJECTIONS NECESSARY TO RENDER PERITONEUM 
IMMUNE TO B. TYPHOSUS CULTURE FILTRATI 

['welve rabbits, in each of which definite skin reactions had been obtained 
following the intraperitoneal injection of B. typhosus culture filtrate (A_), wer¢ 
livided into three groups. 

Group 1 (four rabbits): Each of these received two intraperitoneal doses 
of B. typhosus culture filtrate at three day intervals (T1527, 5 cc. per kilogram 
f body weight) and were then retested after three days with filtrate As, receiving 
0.1 cc. of As intracutaneously, followed in twenty hours by 0.5 cc. per kilogram 
f body weight intraperitoneally. The four rabbits still showed hemorrhagic 
necrosis at the site of the skin injection, indicating that they had not been rendered 
mmune to the intraperitoneal injections. 


Group 2 (four rabbits): The experiments made on group 1 were repeated 


n all details, save for the fact that three peritoneal immunizing doses were given 
nstead of two. On being retested, only two rabbits gave a positive reaction, 
vhile two gave negative reactions. 
Group 3 (four rabbits): The experiments made on group 1 were repeated 
all details except that four peritoneal immunizing injections were given at three 
ay intervals. On being retested, two rabbits still gave a positive reaction, while 


gave entirely negative responses 
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It is thus evident that three intraperitoneal injections of B. typhosu 
culture filtrate may be sufficient to render the peritoneum immune to 
this filtrate. While three and four such injections each rendered 50 
per cent of the rabbits immune, previous experiments have shown that 
five or more injections produced immunity in all of the rabbits s 
tested. 

CONCLUSIONS AND SUMMARY 

\ modification of the phenomenon of local skin reactivity intro 
duced by Shwartzman is described in this report. This modification 
consists in the employment of an intraperitoneal instead of an intra- 
venous, injection of toxic substance twenty hours after such a pre- 
liminary inoculation into the skin. 

By means of this modification, the principle of local peritoneal 
immunity was demonstrated. Rabbits in which the intraperitoneal 
injection of B. typhosus culture filtrate was able to elicit the Shwartz- 
man phenomenon in previously prepared skin sites were rendered 
negative to this phenomenon by repeated injections of this culture fil- 
trate intraperitoneally. It was then shown that this skin reaction could 
still be produced if the reacting factors were introduced intravenously 
It must thus be concluded that the immunity produced under these cir- 
cumstances was of a distinctly local character involving only the peri 
toneum, and that the entire organism was not yet immune. 

It was also determined that between three and four injections 0: 
B. typhosus culture filtrate were necessary to render the peritoneu 


immune to this filtrate. 








PERNICIOUS ANEMIA 


BLOOD REGENERATION DURING EARLY REMISSION 


MATTHEW C. RIDDLE, M.D 
n Medicine of the National Research ( 


PORTLAND ORE 


The use of liver in pernicious anemia, following the discovery 
its therapeutic value by Minot and Murphy,’ has greatly increased 
<nowledge on the nature of blood regeneration during remission in this 
disease. The contributions to this subject of Peabody * and of Minot, 
Murphy, Cohn and their associates * have been particularly valuable. 
\ccording to their observations, the fundamental defect in hematopoie 
sis during a relapse in pernicious anemia depends on the inability of 
the primitive red blood cells of bone-marrow to differentiate normally 
to their adult state. As a result, the hematopoietic tissue of bone- 
marrow becomes hyperplastic and crowded with megaloblasts. ‘The 
regenerative activity of bone-marrow being restricted in this fashion, 
the numbers of red blood cells in the peripheral blood decrease, and 
many of those present are abnormal. The liver,* kidneys ° and stomach 
contain a substance which appears to stimulate the maturation of the 
primitive red blood cells and consequently have a therapeutic action in 

* Submitted for publication, Feb. 1, 193( 

* From the Thomas Henry Simpson Memorial 
University of Michigan, Ann Arbor. 
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pernicious anemia. When these organs or active preparations of them 
are fed in sufficient quantity to patients with pernicious anemia, a remis- 
sion is produced promptly and invariably, and a rapid regeneration of 
the blood takes place. The regeneration of blood under these circum- 
stances proceeds in such a characteristic fashion that the sequence of 
events following liver therapy in a particular patient can be predicted 
with considerable accuracy when the important controlling factors are 
known. 

The purpose in this paper is to discuss certain of these factors 
which influence the character of blood regeneration in patients with 
pernicious anemia during liver therapy and to study the manner in 
which they produce their effect. 


THE RETICULOCYTE RESPONSE 

In a practical sense, the appearance of increased numbers of reticu- 
locytes in the blood during the first two or three weeks of liver medica- 
tion, referred to as the reticulocyte response in this paper, is a very 
important phenomenon. It has some diagnostic significance as, with 
certain exceptions,’ a typical reticulocyte response rarely follows liver 
therapy in diseases other than pernicious anemia. It is of value in 
prognosis, since a well marked response signifies the onset of a satis- 
factory remission. Likewise, it may be used to measure the potency of 
preparations of unknown value and is at present the only reliable stand- 
ard by which they may be assayed. The extent of the reticulocyte 
increase also provides a measure of the efficacy of treatment in any 
given case. 

An increase in reticulocytes occurs as a rule only in patients in whom 
the concentration of erythrocytes in the peripheral blood is less than 
3.5 million red blood cells per cubic millimeter of blood before treat- 
ment. In patients having more than 3.5 million red blood cells per 
cubic millimeter of blood, regeneration of blood takes place without an 
increase in the numbers of reticulocytes in the peripheral circulation. 

The important features of the reticulocyte response are its magnitude 
and the rate at which it takes place. The rate and magnitude of the 
response are in a sense interdependent, since the numbers of reticulo- 

7. Ashford, B. K.: Evaluation of Liver Extract Treatment in Treatment of 
Anemias of Sprue: Preliminary Note, J. A. M. A. 91:242 (July 28) 1928. Isaacs, 
R.; Sturgis, C. C., and Smith, M.: Tapeworm Anemia: Therapeutic Observations, 
Arch. Int. Med. 42:313 (Sept.) 1928. Vaughan, J.: Investigation of a Series of 
Cases of Secondary Anemia Treated with Liver or Liver Extract, Lancet 1:1063, 
1928. Dyke, S. C.: Liver Therapy in Secondary Anemia, ibid. 1:1192, 1929. 
Minot et al. (footnote 3, first reference). 

8. Minot et al. (footnote 3, second reference). 
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tes present at any given time are necessarily smaller, other 
being equal, the more slowly the reticulocytes appear in the blood 

The magnitude of the reticulocyte response is most convenientl) 
expressed either in terms of the concentration of reticulocytes in the 
lood when their numbers are greatest or as the maximum percentage 

erythrocytes containing reticulum observed during the response. The 
rate of the response is judged from the duration of treatment required 
to produce the first increase in the reticulocytes in the blood, the maxi- 
mum number or percentage of reticulocytes observed and the return ot 


the reticulocytes to normal. 
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The changes in the erythrocyte concentration, reticulocyte concent: 
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a 


n and reticulocyte percentage in a patient with pernicious anemia during early 


mission. Treatment consisted of the contents of four vials of liver extract no 


3443 (N.N.R.) daily. 


When the daily values for the percentage or concentration of reticu- 
cytes during adequate liver therapy are plotted graphically, the result- 
ng curves usually resemble those shown in chart 1. These curves are 
symmetrical, the rising slope of the curves representing the period of 
ncreasing values being shorter than the downward slope which repre- 
ents the period of decreasing values, since, as will be shown later, the 
ticulocytes after being liberated from the bone-marrow probably 
emain as reticulocytes for a period of two days or more, and conse- 


uently tend to accumulate. Ordinarily, the percentage of reticulocytes 
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first increases above 2 between the second and fifth day of treatment, 
usually on the third day. A maximum percentage is found ordinarily 
between the fifth and eighth day. By the tenth to twentieth day of 
treatment the percentage of reticulocytes has usually fallen to a normal 
level. As in chart 1, maximum values often are seen on two or more 
consecutive days, and not infrequently a secondary rise in the percent- 
age of the reticulocytes occurs during the latter part of the response 

The curve representing the actual concentration of reticulocytes is 
essentially similar to that of their percentage, but, owing to the increas- 
ing numbers of erythrocytes during the reticulocyte response, the peak 
of the curve occurs later than that of the percentage of the reticulocytes. 

The form of the curves representing the reticulocyte response is a 
result of the interaction of the various factors which control the rate 
and magnitude of the response. To the accustomed eye, considerable 
information can be gained from an inspection of a characteristic curve 
as to the dosage of the active liver principle used, the presence of inhib- 
iting factors such as chronic infection and the severity of the anemia 
before treatment. For example, high pointed curves, short in length, 
usually occur in patients with low blood counts fed large amounts of 
liver. Low, irregular, long curves usually indicate insufficient dosage 


of liver or the presence of inhibiting factors. 


MAGNITUDE OF THE RETICULOCYTE RESPONSE 
The extensive studies of Minot * and his associates and of others °® 
have shown that the reticulocyte response in uncomplicated cases of 
pernicious anemia depends principally on the condition of the hemato- 
poietic tissue in the bone-marrow and the amount of effective liver 
substance used in treatment. If adequate amounts of liver are used, 
the magnitude of the response is suggested by them to be directly pro 
portional to the hyperplasia of the bone-marrow and inversely propor- 
tional to the concentration of erythrocytes in the blood before treatment. 
Minot and his associates?® were able to express mathematically this 
relationship between the red blood cell count and the magnitude of the 
response. Their equations representing this relationship are: 


EpR = > =07 


I— 0.2 Fo 


Eo represents the red blood cell count before treatment, Ep the red 
blood cell count at the peak of the reticulocyte response and R the 
maximum percentage of reticulocytes observed during treatment. The 


9. Sturgis, C. C.; Isaacs, R., and Smith. M.: The Treatment of Pernicious 
Anemia with a Liver Extract. Ann. Int. Med. 1:983, 1928. 


10. Minot et al. (footnote 3, second and third reference) 





tec 


pk 


tfete erythrocytes are destroyed during this period. 


heir associates recognized this possibility, 
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es observed in patients under adequate treatment and those calcu 
| by these formulas agree with reasonable accuracy. ‘The equatior 
= Ep—FEo and that 


= ;*° is based on the assumption that EpR 
increase in the value of E between o and p depends solely on th 

rement of reticulocytes. This idea is open to criticism as there is good 
idence that new nonreticulated erythrocytes are produced and that 
Cohn, Minot and 


and in a discussion of 


ject ‘! stated: 
These conditions can only be expected obtain pr 
blood cells, nor change in their cor 


fluids. In fact not only must these same 


gnificant destruction of red 

It of redistribution of body 

, but during the length of time that these three equati 

can have been no appreciable change of the 

the blood, nor delivery of adult forms from the 

ority of cases these quantities have been identical, 

other are none the less significant 
These two processes must approximately counterbalance one another 

when the reticulocyte percentage is at its peak, as the equation EpR 

_- agrees with the observed facts with reasonable accuracy. Evidence 
° 

‘esented later in this paper indicates that this 1s true (chart 5). 


\side from their theoretical interest, these equations are of practical 
ue and can be used as standards for determining the efficacy of tre: 
1f unknown value. 


} 


ment and the potency of preparations « 


\lthough, as Minot and his associates ° 
espects it is more rational to consider the reticulocyte response in terms 


have suggested, in many 


for 


the concentration of reticulocytes rather than their percentage, 


he practical use of these formulas it is advantageous to express the 


elationship between the erythrocyte concentration before treatment and 

magnitude of the reticulocyte response in terms of the maximum 
ercentage of reticulocytes to avoid the necessity of making daily esti 
ations of the erythrocyte concentration to obtain the value Epk 


is may be accomplished by combining the two equations of Minot 


Cohn, thus eliminating the value Ep. 


EpR 


of R thus calculated for various values of Eo are shown 
In the chart there is close agreement between 


f R and the average 


lhe values 
table 1, and chart 2. 
curve representing the calculated values o 
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observed values of R in selected groups of patients with varying red 
blood cell counts before treatment, taken from the records of the Simp 
son Memorial Institute and those of Minot and Cohn and their asso- 
ciates.* The figures used in making these average values are selected on 
the basis that those obtained from patients receiving amounts of liver 
inadequate to produce an effective response and those from patients in 
whom some inhibiting factor obviously prevented a typical response were 
not used in compiling these statistics. 

In practice, when adequate treatment is given, the values for the 
maximum reticulocyte percentage actually observed and those calculated 
from this equation agree very well. Since the equation represents the 
average expected value of R, it is not surprising that individual varia- 


TasBLe 1.—Ev-xpected Average Maximum Reticulocyte Percentage After Adequat 
Liver Treatment in Pernicious Anemia, with Various Red Blood Cell Counts * 


Red Blood Red Blood Red Blood 





Cell Count in Average Cell Count in Average Cell Count in Average 
Millions per Maximuin Millions per Maximum Millions per Maximum 
C.Mm. Before Reticulocyte C.Mm. Before’ Reticulocyte C.Mm. Before  Reticulocyte 
Treatment Percentage Treatment Percentage Treatment Percentage 
arr 1.3 26.5 2.6 7 
0.1 1.4 o7 ou 
0.2 77.5 1.5 8 §.7 
0.3 69.1 1.6 2.9 4.9 
0.4 61.9 Be 3.0 4.1 
0.5 55.7 1.8 3.1 3.4 
0.6 wO.4 1.9 3.2 y a 
0.7 45.7 2.0 3.3 2.1 
0.8 41.6 2.1 3.4 1.5 
0.9 38.0 23 LS 0.9 
1.0 34.6 ; t 0.: 
1 3L.7 2.4 Mi 0.0 





1. 
1.2 29.0 


0.73 0.2 Eo 
* Maximum reticulocyte percentage = 
0.73 + 0.8 Eo 


tions occur slightly above or below the expected values. Such varia- 
tions may be attributed, in part at least, to the rhythmical daily variations 
of the reticulocyte percentage,’* to mechanical difficulties in making 
extremely accurate estimations of the Eo or R or to individual varia- 
tions in the condition of the bone-marrow of various patients with 
similar red blood cell counts. 

Values distinctly under those expected from this equation usuall\ 
indicate inadequate dosage of liver, the use of relatively impotent prepa- 
rations or the presence of inhibiting factors. 

The influence of the dosage of liver on the magnitude of the reticulo- 
cyte response has been thoroughly studied by Minot, Cohn and thei: 


12. Porter, W. B., and Irving, H.: Reticulocytosis Produced by Liver Extract 
Two, Three and Four Hour Interval Observations, Arch. Int. Med. 44:502 (Oct 
1929. Riddle, M. C., and Sturgis, C. C.: The Effect of Massive Doses of Liv: 
Extract on Patients with Pernicious Anemia, unpublished work. 
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= 223-026, 
e 0.73 +086, 
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Chart 2—The average maximum percentage of reticulocytes expected in 
tients with pernicious anemia after adequate liver extract therapy. The solid 
lares represent the average values of the maximum reticulocyte percentag: 
erved in sixty-eight patients with pernicious anemia (author's cases) grouped 
rding to the erythrocyte concentration before treatment. The solid circles 
sent similar values taken for eighty-nine patients observed by Minot and 


lates (footnote 3, second reference 
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associates,® who find that the minimum effective daily dose of liver i: 
about 200 Gm. prepared weight. The use of 250 Gm. of liver daily o 
liver extract no. 343 (“New and Nonofficial Remedies”) derived fron 
300 Gm. of liver usually produces a satisfactory response of the 
expected magnitude. Larger doses may not increase the magnitude o! 








the response significantly, but when doses smaller than this are use: 






daily, the magnitude of the response is less and is proportional to th: 





dose used.§ 











RATE OF THE RETICULOCYTE RESPONSE 





THE 






It is difficult to express the rate of the reticulocyte response quanti 
tatively. Using the length of treatment necessary to produce a maxi 






mum percentage of reticulocytes as an index of the rate of the respons 
Minot and his associates * found that the rate of the response is in a 






measure proportional to the dosage of liver extract. 










Tasce 2.—Number of Days of Adequate Liver Therapy Necessary to Produc 
Beginning and Peak of Reticulocyte Response in Patients with 


Pernicious Anemia 







First Increase in Reticulocyte Percentage 






Number of days of treatment*.......... 1 2 3 a 5 





Number of patients showing first in- 
crease in reticulocyte percentage...... 4 18 25 14 7 






Maximum Increase in 






Number of days of treatment........... 4 5 6 7 8 9 10 





Number of patients showing maximum 
percentages of reticulocytes............ 2 11 18 14 14 4 2 1 1 





* The first day of treatment includes the first twenty-four hours after the initial dose of 
liver material is given, the second day of treatment the succeeding twenty-four hours, et 













Table 2 shows the number of days of treatment required to produce 


the 


the first increase and the maximum increase of the percentage of th 






reticulocytes in a group of sixty-eight patients with pernicious anemia 





? 


receiving the contents of 3 vials of liver extract no. 343 (N. N. R. 
derived from 300 Gm. of liver or more daily. Between one and five 







days of treatment was required to produce the first increase in reticul: 






cyte percentage and from four to thirteen days the maximum percentag 






of reticulocytes in these patients. The first increase in the reticulocyt 






percentage usually was observed after from two to four days of treat 






ment and the maximum reticulocyte percentage after from five to eight 






days of treatment. 






When these same patients were classified according to the eryth: 





cyte concentration present in the blood before treatment, as in tables 
3 and 4, the level of the erythrocyte concentration did not appear 
influence the time at which reticulocytes first appeared in increased pet 
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entage as, on the average, in each group thi 
pproximately three The 
however, appeared slightly earlier on the ave 
erythrocyte concentration before treatment. 


days. 


E 3.—Duration of Liver Treatment Required f{ 
cyte Percentage ° 


Erythrocyte Concentration 


Before Treatment, 
Millions per C.Mm. 
A 


Number of 
Patients Avera 


0.83 


ie ' 
Variation 





* The dosage of liver medication varied with different 


(0 Gm. of liver or an equivalent amount of liver extract 


ABLI 


Reticulocyte Percentage 


Erythrocyte Concentrati 
Before Treatment, 
Millions per C.Mm. 

eee 


Number of 


— 

Patients Variation 
1.0 
1.5 
2.0 


95 


1.25 
1.86 
3.5 





* The dosage of liver medication varied with different 
Gm. of liver or an equivalent amount of liver extract 


maximum 


4—Duration of Liver Treatment Required for 


— 
Average 


0.83 


3.5 


425 


Ss phenomenon occurred in 
reticulocyte 
rage the higher the initial 


percentage, 


, oD , 
or First Increase of Reticulo- 


Duration of Treatment 
3efore First Increase in 
Reticulocytes, Days 


— 


-— = - = 
ge Variation Average 


3 


patients but each received at least 


daily. 


Maximum Increase 


oj 
* 


Duration of Treatment 
Before Maximum of 
Reticulocytes, Days 

—EE - A 

Variation 

- 10 
13 


on 


Average 
& 
9 
0 
o.4 


6.6 


} 
) 9 
2 11 
8 


5 - 


patients but each received at least 


daily. 


Relation of Liver Extract Dosage to Rate of Reticulocyte Response 





Maximum Increase of 
Reticulocyte Percentage, 
Days of Treatment 
g= “a~-— a | 
Variation Average 
8.9 
8.1 
6.4 


First Increase of 

Reticulocyte Percentage, 

Days of Treatment 
— 





se ae 
Variation Average 


0 
oY 
5.2 





* One vial of liver extract is derived from 100 Gm. « 
extract 343 (N.N.R.) or equally effective preparation 
ostly confined to the grov 
reparation of liver extract was used. 


In table 5 sixty-eight patients receiving 


Liver Extract Dosage, 
Number of Vials* 


Weak fractions of unknown potency 
8 vials daily 

4 vials daily 

5 vials daily 

6 vials daily 

9 vials daily 

15-30 vials (single dose) 


of liver. With few exceptions liver 
were used In these exceptions, 


ip receiving 5 vials of liver extract daily, an earlier and less effective 


various amounts of liver 


extract, the dosage for each patient being uniform throughout the period 


observation, were classified according to t 


The 


he dosage employed. 


rate of the reticulocyte response as judged by the length of treatment 


necessary to produce the first increase and th 


eticulocyte percentage, as a rule seemed to | 


of liver extract. 


s70e 
ages 


e maximum increase in the 
ve accelerated by increasing 


The only obvious exception occurs in the 
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group receiving liver extract derived from 500 Gm. of liver daily. Th 
liver extract given to this group, in most cases, was not liver extract 
no. 343 (N. N. R.) but an earlier preparation which was definitely less 
effective. This may account for the retarded rate in this group. In th 
patients receiving weak extracts, the rate of the reticulocyte response 
was obviously delayed. In patients receiving extraordinarily large single 
doses of liver extract,’* the rate of the response was extremely rapid, 
two days being sufficient for the first increase in the reticulocyt 
response and five days for the maximum percentage values. 

These figures indicate that the erythrocyte concentration in the blood 
of patients with pernicious anemia before treatment has little or n 
influence on the rate of the reticulocyte response. The rate of the 
response, however, appears to be accelerated in direct proportion, within 
certain limits, to the dosage of the effective liver principle employed 


THE RATE OF INCREASE OF THE ERYTHROCYTE CONCENTRATION 
DURING THE RETICULOCYTE RESPONSE 

The foregoing discussion has been concerned with the general char- 
acter, the magnitude and the rate of the reticulocyte response in large 
groups of patients. The following discussion has to do with a careful, 
analytic examination of data gathered from four critically studied 
patients. 

These patients were given a single massive dose of liver extract 
Determinations of the reticulocyte percentage were made every four 
hours, and determinations of the erythrocyte concentration every twelve 
hours furnished abundant material for mathematical analysis. In these 
patients an exceedingly rapid and typical reticulocyte response was pro- 
duced beginning forty-eight hours after the administration of the liver 
extract, reaching a peak between the fourth and fifth day, and ending 
between the ninth and tenth day. When plotted graphically, the values 


of the erythrocyte concentration estimated at frequent intervals during 


the reticulocyte response usually form a symmetrical, sigmoid curve, as 
in chart 1, rather than a straight line. The increase in the erythrocyt 
concentration, at first slow, takes place at an increasingly rapid rate as 
the peak of the reticulocyte response is approached, then gradually 
becomes slower toward the end of the response. 

The sigmoid character of this curve suggests that the general bi 
logic law of growth and regeneration, represented by the equation 
ka (t—t,), described by Robertson," is applicable to the regene: 
tion of blood during the reticulocvte response in patients with pernicio! 
anemia. 


13. Riddle and Sturgis (footnote 12, second reference). 
14. Robertson, T. B.: The Chemical Basis of Growth and Senescence, P! 
delphia, J. B. Lippincott Company, 1923 
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In two of the four patients previously mentioned, the determinations 

the erythrocyte concentration were sufficiently accurate for the suc- 
essful application of this equation; in the remaining two, the data, 
while more variable than desirable, also seemed to follow this law. 

\s applied to the increase in the concentration of erythrocytes dur 
iy the reticulocyte response, the value (x) in this equation represents 
the increase in the concentration of erythrocytes after any number days 

treatment (t). The value (a) is a constant representing the total 
nerease in the erythrocyte concentration during the reticulocyte 
response, and as blood regeneration takes place during the reticulocyte 
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Chart 3—The increase of the total erythrocyte concentration and of the con 
tration of nonreticulated erythrocytes in a patient with pernicious anemia 
ifter liver treatment. The solid line indicates the increase in the total erythrocyte 


ncentration calculated from the equation log ; = = 0.54 t —4.3). The solid 
0 x 


ircles, the observed values of increase in the total erythrocyte concentration; the 
xen line, the increase in the concentration of nonreticulated erythrocytes cal 
1 . P x » » P 
lated from the equation log —> 0.54 (t—6.3), and the open circles, the 
1.U2 x 
bserved values of the concentration of nonreticulated erythocytes obtained by 
tracting the concentrations of the reticulocytes from the concentrations of 


hrocytes., 


response (x) approaches (a) as a limit. ‘The value (t,) represents the 


number of days of treatment when x =~, which usually is near the 


peak of the reticulocyte response. The value (k) is a constant which 


is determined for each different application of the formula. This appli- 
ition of Robertson's formula of growth and regeneration to the regen 
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eration of blood during the reticulocyte response is illustrated in chart 
3. In this patient the formula reads log ——; = 0.54 (t—4.3). The 
concentration of erythrocytes in the blood was 0.69 million per cubi 
millimeter before treatment. At the end of the reticulocyte response, 
the erythrocyte concentration was 1.71 million per cubic millimeter. The 
difference between these two values or 1.02 is the value (a) in the 
equation. The value of (k) which best agreed with the data in this 
case was 0.53 so (ka) equals 0.54 in the equation. The peak of the 
reticulocyte response was observed to occur 104 hours or 4.3 days after 
the administration of liver giving the value for (t,) as 4.3. In chart 3 
the increase in erythrocyte concentration observed at twelve hour inter- 
vals and those calculated according to the formula appear to agree very 
satisfactorily considering the degree of accuracy with which red blood 
cells may be counted. In the same chart the increase in the numbers 
of nonreticulated erythrocytes, obtained by subtracting the observed 
concentration of reticulocytes from the observed concentration of eryth- 


rocytes, is compared with the values obtained from the equation log 


—*__—= 0.54 (t—6.3), which differs from the preceding equation onl 
x 


1.02 


in the value for (t,) which is in this case increased by two days to 6.3 
The concentration of nonreticulated erythrocytes thus appears 
increase in a manner similar to the total concentration of erythrocytes 
but later by approximately two days in this patient. 


RATE OF LIBERATION OF THE RETICULOCYTES INTO THE BLOO! 
DURING THE RETICULOCYTE RESPONSE 

Since reticulocytes are continually being liberated from the bon 
marrow into the blood and while in the blood apparently are being 
transformed constantly into mature erythrocytes, no accurate estimate 
of the number released from the bone-marrow in a given time can b 
made unless the time required for the reticulocyte to lose its reticula: 
material and become a mature erythrocyte is known. 

A general idea of the rate of the liberation of reticulocytes into th: 
blood can be obtained from the changes in their concentration in tl 
blood from time to time. If the concentration is increasing it may | 
assumed that the rate of their release into the blood is greater than th: 
rate of their transformation into mature erythrocytes and that they 
accumulating in the blood. The reverse is true as their concentrati 
decreases in the blood. 

The data shown in chart 3 is evidence that in this patient the reticu 
locytes became nonreticulated after being approximately two days 
the blood. With this knowledge and with the data on the reticulocvte 
concentration at frequent intervals, it was possible to apply Robertson's 
formula again. This time the value (x) represents the total numbe: 
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red blood cells liberated into the blood as reticulocytes, within a 
rtain number of days of treatment (t) including both those still retain 
reticulum and those transformed into mature erythrocytes. If th 
eticulocytes in this patient became mature in two days the concentration 
reticulocytes at a given time (t), should equal the increase in th 
lue of (x) between (t—2) and (t); in other words, the number oi 
eticulocytes released during the preceding two days. When the various 
values of (x) for various values of (t) were obtained in this way from 
he observed values for the reticulocyte concentration, it was possible 


ter a number of trials to find that the values for the constants (a 
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4—The concentration of reticulocytes in a patient with pernici 
mia. The broken line indicates the values of the numbers of reticulocytes per 
millimeter of blood liberated from the bone-marrow calculated from the 
. ¢ x ~ ° 9 e ay 
ition log = — =0.54 (t—4.3) ; the solid line, the values of the concentratior 
1.2—x 
eticulocytes after any number of days of treatment (t) obtained by subtra 
values of x at t—2 from values of x at t; the solid circles, the observed valu 


e concentration of reticulocyte a. 


(k) which best satisfied the data at hand were 1.2 and 0.45, respe 
ely. The value of t,) from the previous use of the equation was 
nown to be 4.3. Chart 4 presents the results obtained in this mannet 


formula used is log —*— — 0.54 (t—4.3). The results calculated 


m this equation are plotted as a broken line. The curve drawn as 


solid line represents the values of (x) at (t) minus the values of (x) 





430 ARCHIVES OF INTERNAL MEDICINE 


at (t—2) and according to the reasoning employed should correspond t 
the curve of the reticulocyte concentration. The close agreement 
between the latter curve and the observed values for the concentration 
of the reticulocytes is obvious. This fact is further evidence that in 
this patient the reticulocytes lost their reticulum and became mature 
erythrocytes after being in the blood for two days. The value of (a 

was 1.2 in this formula. In the formula for the increase in the erythro- 
cyte concentration, the value of (a) was 1.02. This difference may be 
attributed to the destruction of effete red blood cells during the period 
involved. When the values of (x) representing the increase in the 
x 


erythrocyte concentration obtained from the first equation log — 
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Chart 5.—The concentration of reticulocytes and the increas« 
of erythrocytes during the locyte response in four patients 
anemia given a single massive dose of liver extract calculated from 
equation for growth and regeneration. Th lid lines indicate 
of reticulated erythrocytes which equal t—Xr-z) in the following 


. ’ x “ a 
patient 1, log >> 0.54 (t—4.3) ; patient 
~- x 
’ x ' . 2 , 
log — —= 0.48 (t—4.3) ; patient 4, 

i... ng 

show the increase in total erythrocyte concentrations derived 
. 4 ’ x - > 
equations; patient 1, log —0.54 (t—4.3 

‘ 2 x 


t—4.3) : patient 3, log — -— 048 (t—4.3 
s—x 
The erythrocyte concentration in millions per cu 
1.43; patien 


was as follows: patient 1, 0.69; patient 2, 


+ 


dosage of liver extract used in each case was as 


dose of the contents of thirty vials of 


the contents of fifteen vials of liver extract 
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0.54 (t—4.3) and the value of x: —x (t—2) from the equation log 


= 0.54 (t—4.3) representing the concentration of reticulocytes at 
t, between O and 4.3 days, are compared, they appear to be identical up 
to the peak of the reticulocyte response. This seems to indicate, as has 
been suggested before, that up to the peak of the response, the numbers 

reticulocytes transformed into mature erythrocytes equals the num 
bers of effete erythrocytes destroved and explains why the equation 
EpR = Fo® of Minot and his associates '° can be applied so satisfac- 
torily. 

Similar applications of Robertson’s equation were made in the other 
three patients with similar results. In all of them the data indicated 
that the reticulocytes once liberated into the blood were transtormed 
into mature erythrocytes in a two day period. Thus the rate of the 
reticulocyte response was the same, although the erythrocyte concentra- 
tion before treatment varied in these four patients between 0.69 and 
2.82. Chart 5 shows the curves representing the reticulocyte concentra- 
tion and increase in the concentration of the erythrocytes calculated for 
these four patients in the manner already described and illustrates the 
point made previously that at the peak of the response the increase in 
the reticulocyte concentration equals the increase in the erythrocyte 
concentration. 

Without further confirmation, this method of analysis cannot be said 
to have wide application. However, it offers a new method for 
approaching the solution of problems concerned with blood regeneration 
otherwise difficult of solution. Furthermore, it suggests that, under the 
circumstances, blood regeneration in these patients can be described by 


the formula of growth and regeneration used by Robertson."* 


DIFFERENTIATION OF RETICULOCYTES IN THE BLOOD 
In the patients previously discussed, under the intense stimulation 


of a very large dose of liver extract blood regeneration was unusually 


rapid, the entire reticulocyte response requiring less than ten days for 


its completion, a shorter period than ordinarily is required when smaller 


laily doses of the liver principle are used. It is probable that the 
transformation of the reticulocytes to mature erythrocytes, which in this 
case required only two days, requires longer in patients in whom the 
stimulus to blood regeneration is less intense. On the other hand, it 
ilso is likely that in normal persons and in persons less anemic than 
these patients the reticulocytes are retained in the bone-marrow for a 
longer time and are developed to a stage approaching nearer to maturity 
before their liberation and may consequently require less time in the 

od to lose their reticulum. This matter appears to require special 

nsideration in each individual case, as so many variable factors are 


olved., 
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In this discussion it has been assumed, and the evidence strongly 
favors the assumption, that once released into the blood reticulocytes 
develop into mature erythrocytes. As an alternative, it might be sug- 
gested that this does not necessarily occur, the reticulocytes being 
destroyed as such in the blood. The correlation between the numbers 
of reticulocytes appearing in the blood and the increase in the numbers 
of red blood cells during the reticulocyte response is so close that the 
destruction of significant numbers of reticulocytes seems improbable 

Furthermore, the changes in the microscopic appearance of the 
reticulocytes from day to day during the reticulocyte response indicates 
that while in the blood the reticulocyte gradually loses the substanc« 
which stains as reticular material. The reticulocyte population in any 
blood is not homogeneous. During periods of active blood regenera 
tion, all gradations between normoblasts with heavy reticulation and 
mature erythrocytes may be found in a single drop of blood. ‘The 
heaviest reticular material usually is seen in cells in which fragments 
of the normoblast nucleus are present. When only small strands of 
reticular material are present, the cell is indistinguishable from normal 
erythrocytes, except for the presence of the reticular material. From 
this evidence it appears that the reticular substance appears in large 
quantities as the normoblast loses its nucleus and that as the reticulocyte 
becomes increasingly mature the reticular substance is gradually lost, a 
mature erythrocyte being formed. This relationship between the degre« 
of maturity of the red blood cell and its content of reticular material 
has been noted by various investigators.’° 

Characteristically, during the first few days of the reticulocyte 
response as these cells are rapidly increasing, the majority of the reticulo- 
cytes are heavily laden with reticular material. As the percentage of 
reticulocytes declines toward the end of the response, reticulocytes con- 
taining but little reticular material predominate. In other words, heav) 
reticulation is more frequent when the number of reticulocytes being 
released into the blood each day exceeds the number which have beet 
present in the blood for a longer time. When the reverse is true, faint 
reticulated cells are more frequent. This fact is shown in table 6 in 
which the reticulocytes are classified according to the amount of reticular 
material they contain. From the mathematical data presented, it was 
possible to compare the percentages of reticulocytes in this patient 
present each day which had been released into the blood betwee: 


15. Seyfarth, O.. and Jurgens, R.: Untersuchungen tiber das Verhalten 


vitalgranulierten roten Blutzellen (Retikulocyten) bei Embryonen und Neug 
bornen, Virchows Arch. f. path. Anat. 266:676, 1927. Davidson, S.: MeCri 
J. G., and Gulland, G. L.: The Treatment of Pernicious Anemia with Live 
and Liver Extracts, Lancet 1:847, 1928. Schilling, V.: Wirkungen und Ausblic! 
der Lebertherapie bei Anaemia Perniciosa, Klin. Wehnschr. 1:882, 1928 
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wenty-four and forty-eight hours before with the degree of reticulation. 
rom this comparison, it was deduced that reticulocytes with moderate 

heavy reticulation had been liberated into the blood during the pre- 
eding twenty-four hours, those with faint reticulation having been 
resent in the blood between twenty-four and forty-eight hours 
table 6). 

\ mathematical analysis also was performed in the manner pre 
iously outlined in two patients who received daily the contents of 
ree and four vials of liver extract no. 343 (N.N.R.), respectively. In 

the first patient the duration of the reticulocyte response, from the start 
if treatment until the end of the response, was twenty-four days. In 


this patient, during the first part of the reticulocyte response, according 
the data, four days was required for the transformation of the 


E 6.—Density of Reticular Substance in Reticulocytes in Relation to Age of 


Reticulocyte 


Percentage of 
Reticulocytes 
Released 
into the 
Percentage of Percentage of Reticulocytes in Blood Between 
Erythrocytes the Blood with Various Densities 24 and 48 
Days Containing of Reticular Substance (Observed) * Hours Before 
of Reticular —— - ——- Ne (Estimated )t+ 
rreatment Substance + ++ +- + 
2 2.5 ‘ 3 20 
16.1 28 
43 
61 
74 
76 


=9 
‘ 


4 
6 


. ++ = very dense reticular substance practically filling the reticulocyte: 
ense reticular substance in form of band, wreath or plaque; = scattered clumps of 
eticular substance present; + — scattered strands of reticular substance 
x 


+ Estimated from the equation log = 54 (t+. (see chart 4). 


eticulocytes in the blood into mature erythrocytes and during the latter 
art of the response three days was required. In the second patient the 


time required to complete the reticulocyte response was eighteen days, 


nd for the disappearance of reticular material from the reticulocytes 

the blood, three days. In these two patients in whom the reticulocyte 
response covered a longer period of time than in the patients previously 
liscussed, the time required for the maturation of the reticulocytes in 
the blood into mature erythrocytes was proportionately longer. The 
rate of the maturation of the reticulocytes in the blood seemed to be 
related to the dosage of liver extract used. 

Pepper,?® studying blood in vitro at body temperature, observed that 
the reticulation of reticulocytes began to decrease perceptibly after 


16. Pepper, O. H. P.: Vitally Stainable Reticulation and Chromatic Granules 
Erythrocytes in Vitro, Arch. Int. Med. 30:801 (Dec.) 1922 
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eighteen hours and disappeared completely after seventy-two hours, 
fact of interest in the present discussion. 
In the blood of normal persons the reticulocytes contain only small 






amounts of reticular substance as a rule. If the observation that 
lessened amount of reticular material is a sign of approaching maturity 
is sound, this would suggest that during the normal regeneration oi 





blood the reticulocytes lose most of their reticular material before they 





are released from the bone-marrow, and that once present in the blood 






stream they lose the small amount of reticular material remaining within 






a relatively short time. 











BLOOD REGENERATION 





ACCOMPANYING 





PHYSIOLOGIC CHANGES 





DURING REMISSION 








The rapid regeneration of blood during the early part of remissions 








induced by the active principle contained in liver, recent investigations 






have shown, is accompanied by certain important physiologic changes it 





the blood and excreta. The amount of bilirubin in the blood, character 








istically increased during relapse in pernicious anemia, rapidly decreases 





to a normal or subnormal level with the onset of remission.'* Iron, 
although used in large quantities for the manufacture of hemoglobin, is 
excreted in amounts greatly in excess of the iron intake during earl) 















remission.’* It is well known that an iron deficiency is not present 






during relapse, that iron is stored in considerable quantities in the bod\ 
despite the anemia, and that iron therapy is illogical in pernicious anemia 
During the early part of remission, the blood sugar during fasting 
becomes lowered,'® the restoration of appetite possibly being related to 








the relative hypoglycemia thus produced. Endogenous uric acid is 
manufactured and excreted in large quantities during the period of the 
reticulocyte response.*°. The amount of endogenous uric acid excreted 






in excess of the normal excretion is proportional to the increase in the 





numbers of red blood cells in the blood. From the figures given 1 






table 7, it appears that on the average with the increase of a million red 


blood cells per cubic millimeter of blood approximately 10 Gm. ot 






endogenous uric acid is excreted in the urine. The destruction of normo- 





blast nuclei appears to be the source of this endogenous uric acid, and 





17. Murphy, W. P.: Monroe, R. T., and Fitz, R.: Changes in the Composit 
Blood in Pernicious Anemia, J. A. M. A. 88:1211 (April 16) 1927 








18. Riecker, H. H., and Winters, M. E.: Serum Iron Studies, Proc. Am. $ 
Clin. Investigation, J. Clin. Investigation 7:497, 1929 
19. Riddle, M. C.: The Blood Sugar During Remission in Pernicious Ane: 






unpublished work. Blotner, H., and Murphy, W. P.: The Effect of Liver 
the Blood Sugar Level, J. A. M. A. 92:1332 (April 20) 1929, 

20. Riddle, M. C., and Sturgis, C. C.: The Endogenous Uric Acid Metabolis 
in Pernicious Anemia, Proc. Am. Soc. Clin. Investigation, J. Clin. Investigat 
7:498, 1920. Riddle, M. C.: The Endogenous Uric Acid Metabolism in | 
nicious Anemia, J. Clin. Investigation 8:69, 1920 
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t seems likely that the uric acid of endogenous origin normally excreted 
1 the urine is derived principally from this source. This idea has con- 
rmation in the researches of Krafka *' on the excretion of endogenous 
ric acid in the Dalmation coach-hound during blood regeneration aiter 
hemorrhage and the observations of Isaacs ** on the uric acid metabolism 
polycythemia. 
The endogenous uric acid metabolism, being so intimately related to 
ood regeneration, is a reasonably reliable biochemical index of blood 
production during early remission. The rise in the concentration of uric 


icid of endogenous origin in the blood and its excretion in increased 


unounts in the urine apparently have the same significance as the 
increase in the numbers of reticulocytes in the blood, and can be detected 


irlier, as changes in the endogenous uric acid metabolism usually 


7.—Relation of Endogenous Uric Acid Excret 


Erythrocyte Concentration During Remission in 


Increase in Urie Acid Excretior 
Endogenous Prythrocyte per Million Increase 
Days of Urie Acid Concentration Erythrocyte Cor 
Treatment Exeretion, Gm. Million per C. Mm centration, Gt 
Ss 5.60 O74 
21 90.15 
33.59 Ho 
10.09 1.0 
10.15 1.04 
19.73 1.95 
7.44 0.71 
= SO oy 
10.71 0.95 
4.90 


recede similar changes in the reticulocyte concentration in the blood by 
ne or two days. According to Muller and his associates,** there is also 
in increase in the cholesterol and lecithin content of the blood plasma 
vhich accompanies the reticulocyte response during early remission. 


COM MENT 


According to the evidence presented in this paper, the conclusion may 
e drawn, in agreement with the observations of Minot and his asso- 


iates,** that aside from the presence of inhibiting complications in 


atients with pernicious anemia, the two principal factors that regulate 
e reticulocyte response to liver therapy are the condition of the hema- 
Krafka, J.: Endogenous Uric Acid 


and Hematopoiesis, J. Bi 
83:409, 1929. 


22. Isaacs, R.: Pathologic Physiology of Polycy 
31:289 (Feb.) 1923. 
23. Muller, G. L.: Castle, W. B.: Goode, E., and Rose. M 
olesterol and Lecithin to Remission in Perniciot Anemia, Prox 
& Med. 25:567, 1927-1928 


4 Minot et al. ( footnote 3. first 
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topoietic tissue of the bone-marrow before treatment and the amount oi 
the active principle contained in liver used in treatment. 


The concentration of erythrocytes in a patient’s blood before treat- 
ment, being inversely proportional to the degree of bone-marrow hyper- 
plasia, is a satisfactory index of the extent of the hyperplasia and 
consequently can be used in mathematical formulas by which the average 


magnitude of the reticulocyte response to adequate liver medication in 
patients can be predicted with reasonable accuracy. The condition of 
the bone-marrow before treatment apparently does not influence directl) 
the rate of differentiation of the primitive red blood-forming cells of 
bone-marrow to their more mature erythrocyte form after liver is 
administered. The reticulocyte response, figures show, occurs approxi- 
mately at the same rate in patients with varying degrees of anemia 
when similar doses of liver or liver extract are used. Indirectly, the 
condition of the bone-marrow before treatment may modify the velocity 
of the reticulocyte response, as the data at hand suggest that the rate of 
the release of blood cells from the hematopoietic tissue of bone-marrow 
into the blood is proportioned both to the rate at which they are differen- 
tiating and to the numbers released into the blood in unit periods of 
time. The dosage of liver or liver extract used appears to influence 
directly the rate of cellular differentiation in the hematopoietic tissue of 
bone-marrow, and consequently influences in a direct manner the rate 
at which reticulocytes are liberated into the blood and the rate of the 
reticulocyte response. The magnitude of the reticulocyte response, being 
principally determined by the numbers of primitive red blood-forming 
cells in the bone-marrow available for transformation into reticulocytes 
and for their liberation from the bone-marrow into the blood, is influ- 
enced only in an indirect manner by the dosage of liver principle 
employed. The numbers of reticulocytes that accumulate in the blood 
at the peak of the response depend on the numbers formed in bone- 
marrow and released into the blood and the length of time reticulocytes 
remain as such in the blood. The magnitude of the response thus 
depends indirectly on the rate at which the reticulocytes are formed 
from the more immature cells of the bone-marrow. This effect is 
modified to a certain extent by the probability that if the rate of differ- 
entiation of the primitive red blood cells of bone-marrow into reticul: 

cytes is slow, the differentiation of reticulocytes into erythrocytes in th 

blood also will be slow, and they will therefore tend to accumulate i! 
greater numbers in the blood. 

According to these theoretical considerations of the influence of th 
condition of the bone-marrow and the dosage of the liver principle on 
the rate, magnitude and character of the reticulocyte response, the rat: 
and magnitude of the response are to a certain extent interdependent 
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nd modify one another in the complex regenerative processes associated 
with blood formation during early remission after liver therapy 1 
pernicious anemia. 

The general law of biologic growth and regeneration widely applied 
by Robertson** to various problems of growth and regeneration in 
plants and animals appears to be applicable to the phenomenon of the 
reticulocyte response. It should be emphasized that the application ot 
this formula can be attempted only when the data are accurate and 
.bundant and the reticulocyte response is typical and uniform. The use 
if this formula when it can be applied offers a new method for the 
solution of problems concerned with blood regeneration otherwise diffi 
cult of solution. 

With the aid of this formula, an estimate was made of the length ot 
time required for the reticulocytes in the blood of four patients given a 
massive dose of liver extract to become differentiated to their mature 
erythrocyte form. In these patients, blood regeneration took place at an 
unusually rapid rate as a result of the use of an extremely large amount 
of liver extract. The reticulocytes seemed to reach maturity and become 
indistinguishable from other erythrocytes two days after their libera- 
tion from the bone-marrow. In two other patients who received daily 
the contents of three and four vials of liver extract, respectively, the 
reticulocyte response developed at a slower rate, the differentiation of 
erythrocytes from reticulocytes in the blood requiring from three to 
four days. 

The relations noted between the amount and density of reticular 
substance and the degree of maturity of the reticulocytes supports the 
evidence, derived from Robertson’s formula, that the reticulocytes in the 
blood of the four patients given a massive dose of liver extract required 
two days in the blood stream for differentiation into mature cells. This 
evidence corroborates what has been noted by others,'* namely, that a 
large amount of reticular substance in a reticulocyte is a sign of relative 
immaturity of the red blood cells and that a scanty amount of this 
material is a sign of approaching maturity. Early in the response to 


liver therapy, as the reticulocytes increase, a greater proportion of them 


contain more reticular material than after the peak of the response has 
been reached, which indicates that early in the response the reticulocytes 
are liberated from the bone-marrow in a more immature form than later, 
that is, near the end of the response. Also, the proportion of reticulo 
cytes with a small amount of reticular substance becomes greater as the 
reticulocyte response proceeds. A comparison of the degree of reticula- 
tion with the daily changes in the concentrations of reticulocytes and 
mature erythrocytes indicated that the reticulocytes containing heavy 
eticular material present at any given time had appeared in the blood 
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during the previous twenty-four: hours. The faintly reticulated 
reticulocytes seemed to disappear within the succeeding twenty-four 
hours as they became mature in these four patients in whom the reticulo 
cyte response was unusually rapid. When the length of time that the 
reticulocytes persisted as such in the blood was known, it was also pos- 
sible with Robertson’s equation to reproduce accurately in mathematical 


terms the curves representing the concentration of reticulocytes. 


SUMMARY 

1. From evidence collected from a group of sixty-eight patients with 
pernicious anemia undergoing remission as a result of liver treatment 
and from a consideration of the theoretical factors that influence blood 
regeneration under these circumstances, it appears that the magnitud 
of the reticulocyte response is governed directly by the extent of the 
bone-marrow hyperplasia during relapse, and that the rate of the 
reticulocyte response is governed directly by the dosage of the active 
principle contained in liver. 

2. As the magnitude and the rate of the reticulocyte response are to 
a certain extent interdependent, the condition of the bone-marrow appar 
ently influences indirectly the rate of the response, and the dosage ot 
liver used influences indirectly the magnitude of the response. 

3. The percentage of reticulocytes expected, on the average, at the 
peak of the reticulocyte response can be formulated in terms of the con- 


0.2 E 


centration of erythrocytes before treatment. The equation R = = 


which represents this relationship can be used in determining the effi- 


ciency of treatment and in testing the potency of extracts of unknow: 
value. 

4+. For four patients whose collected data were satisfactory for 
mathematical analysis, the blood regeneration was formulated according 
to an equation used by Robertson to express a general law of biologic 
growth and regeneration. 

5. When the rate at which the reticulocytes in the blood of thes 
patients were transformed into mature erythrocytes was estimated | 
this equation, the curve representing the concentration of reticulocytes 
during the reticulocyte response could be duplicated mathematically. 

6. It was estimated that in these patients two days were required 
the differentiation of reticulocytes in the blood into mature erythrocytes 
In two other patients in whom the stimulus to regeneration of blood w 
less intense, it was estimated that between three and four days wet 
required for the maturation of reticulocytes in the blood to their matu 
form. 
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7. A correlation of the relative maturity of the reticulocyte with the 
mount of reticular material it contained showed that, under the circum- 
tances present, reticulocytes containing small amounts of reticular 
aterial disappeared during the following day. 

8. When the amount of reticular substance in a recticulocyte was 
ised as a standard for estimating its degree of maturity, it was found 
hat during the early part of the reticulocyte response reticulocytes were 

liberated in an earlier stage of development than toward the end of the 
response. 

9. The rate at which reticulocytes are liberated from the bone-mat 
row into the blood appears to be a factor of importance which influences 
the rate and magnitude and velocity of the reticulocyte response. The 
rate of the liberation of the reticulocytes into the blood seems to be 


proportional to the rate at which they are formed from the more primi 


tive red blood cells within the bone-marrow and to the numbers of 
reticulocytes being formed there. 

10. An increase of a million red blood cells per cubic millimeter of 
hlood is accompanied by an excretion of approximately 10 Gm. of 
endogenous uric acid in patients with pernicious anemia during early 
remission. 





RED BLOOD CELL SIZE IN ANEMIA 
ITS VALUE IN DIFFERENTIAL DIAGNOSIS * 
WILLIAM P. MURPHY, M.D 
ANI 
GREENE FITZHUGH, M.D 


BOSTON 


A knowledge of the relative size of the red blood cells may be oi 
definite value in ditterentiating between the types of anemia. This 


information may be obtained by a careful study of the red blood cells 


in a stained smear made from the patient’s blood. Determinations oi 
the mean diameter of the red blood cells by actual measurement of 
number of cells, as suggested by Price-Jones,’ or by a modification of 
this method, have been made use of frequently; but this method is 
rather too time-consuming to be used extensively. Pijper* and others 
have suggested a diffraction method for determining the size of the 
red blood cells. Haden * suggested the determination of the volume ot 
the average red blood cell by means of a simple calculation based on 
a knowledge of the red blood cell count and the total percentage volum« 
of cells as determined by means of the hematocrit. Jorgensen and War 
burg * have reviewed much of the literature with reference to the siz 
of the red blood cells in its relation to the anemias, so that a detailed 
discussion of this subject is not given here. 

The observations here recorded were made with the idea of further 
determining the value of the average individual cell volume in a mori 
or less routine study of a group of persons with normal blood and 11 
a rather large group showing anemia. In some instances, measurements 
were made also of the mean diameter of the red blood cells. 

* Submitted for publication, Dec. 18, 1929. 

* From the Medical Wards of the Peter Bent Brigham Hospital 

* This study was aided by a grant from the Proctor Fund of the 
University Medical School for the study of chronic disease 

1. Price-Jones, C.: The Variation in the Sizes of the Red Blood Cells, 
M. J. 2:1418, 1910 

2. Pijper, A.: An Improved Diffraction Method for Diagnosing and | 
lowing the Course of Pernicious and Other Anemias, Brit. M. J. 1:635, 1929 


Det. 


3. Haden, R. L.: Accurate Criteria for Differentiating Anemias, Arch. 
Med. 31:766 (May) 1923. 

4. Jorgensen, S.. and Warburg, E. J.: The Indices and Diameters of 
Erythrocytes and the Best Haematological Criterion of Pernicious Anemia: 
Historical Notes and Normal Values, Acta med. Scandinay. 66:109. 1926 
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PROCEDURI 
he procedure followed in these cases was essentially the same in eac 
th a dry syringe and needle, 10 cc. of blood was withdrawn from an arm vein 
nd placed in a test tube previously prepared by evaporating to dryness 2 cc. of 
1.6 per cent solution of sodium oxalate as described by Keith, Rowntree and 
Geraghty > and by Murphy, Monroe and Fitz.6 After the solution was mixed 
oroughly by gently inverting the tube several times, standardized red blood cell 
vunting pipets were filled so that the red blood cells might be counted later. A 
etermination of the hemoglobin by the Sahli method as modified by Osgood and 
Haskins 7 was made in many instances, although the determinations made by com 
arison with Tallqvist or Dare scales were used occasionally. Smears of the 
lood were made also so that the diameter of the red blood cells might be 
measured. In each instance 250 red blood cells were measured in stained smears 
f blood as described by Bell, Thomas and Means. The oxalated blood was then 
entrifugated in a straight, thick-walled test tube at high speed (approximately 
2,900 revolutions per minute) for one-half hour, and the percentage volume ot 
cells and plasma was determined after measuring the columns of each 
The average individual cell volume may be determined by dividing the per 
ntage volume of red blood cells as determined by the hematocrit by the number 
f red blood cells in 100 cc. of oxalated venous blood. The figure is recorded 
in cubic centimeters times ten to the minus eleventh power. This calculation may 
e carried out according to the following simple formula in which 42 is the pet 
entage volume of red blood cells as determined by the hematocrit and there are 
5,000,000 red blood cells per cubic millimeter: 
Per cent of cells by hematocrit 42 
—_ Pa 


Number of R.B.C. in 100 cc. blood 5,000,000 1,000 X 100 





The cases so studied have been divided for convenience of discussion 
in the text into several groups. The observations recorded in each group 
ire shown in the corresponding tables. 


RED BLOOD CELLS IN NORMAL GROUP 
Normal Persons.—Thirty-two determinations were made on thirty- 
me essentially normal persons, male and female, the ages varying from 
20 to 70 years. In this group the average red blood cell count is 
5,100,000 cells per cubic millimeter. The average percentage volume of 
red blood cells as determined by means of the hematocrit is 42.9. The 
average calculated individual cell volume is 8.42 * 10-™ cc. 


5. Keith, N. M.; Rowntree, L. G., and Geraghty, J. T.: A Method for the 
letermination of Plasma and Blood Volume, Arch. Int. Med. 16:547 (Oct.) 1915 
§. Murphy, W. P.; Monroe, R. T., and Fitz, R.: Changes in Compositior 
f Blood in Pernicious Anemia: Treated by a Diet Rich in Liver, J. A. M. A 
88:1211 (April 16) 1927. 
7. Osgood, E. E., and Haskins, H. D.: A New Permanent Standard for 
stimation of Hemoglobin by the Acid Hematin Method, J. Biol. Chem. 57:107, 
1923 
8. Bell, J. R.: Thomas, F. K., and Means, J. H.: Studies on Red Blood Cell 


ameter: JI. In Health and in Pernicious Anemia, J. Clin. Investigation 3:229 
109% 
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Normal Blood.—This group is made up of twenty-nine persons in 
whom no essential variation from normal could be demonstrated in the 
hemoglobin or red blood cell count in spite of the fact that they could 
not be considered well. Thirty-one determinations were made in this 
group. The average red blood cell count is 4,900,000 per cubic milli 
meter of blood. The average percentage volume of red blood cells is 
40.8, whereas the average individual cell volume is 8.32 & 10° ce. 

It may be seen from an analysis of tables 1 and 1A that the normal 
individual cell volume generally varies between 8 & 10°"! and 9 > 10"! 


TABLE 1.—Observations on Normal Persons 


Individual Red Blood Cells Hematocrit, Hemoglobin in 
Cell Volume in Millions per Cent Grams per 
( 10-11 Ce.) per C.Mm. of Cells 100 Ce. 
4.94 5 13.76 
15.04 
13.76 


\verage 


ce., although a small number, especially in the latter group, have 
individual cell volume either greater than 9 or less than 8. 

Haden’s * average individual cell volume figure lies even above th« 
upper limit considered as normal in this series. This is no doubt the 
result of two variations in our figures. Haden recorded an average red 
blood cell count which is lower than the one here recorded. On th 
other hand, the hematocrit percentage total cell volume figures record 
here are lower than those recorded by Haden, which suggests that th 


packing of the cells was greater in this series. Haden has suggeste: 


this possible variation, which is to be expected. The packing will var 


according to the speed and duration of the centrifugation. In order t 
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ake the individual cell volume figure useful, it will be necessary for 
ich laboratory to establish a normal figure after centrifugating a small 
eries Of normal bloods. If the method is to be used infrequently it 
would be possible to centrifugate each time a tube of normal blood with 
the blood to be tested and use the normal individual cell volume figure 
so obtained as a control. 


The percentage total red blood cell volume as determined by the 


ematocrit compares favorably with recent previously reported results, 


TABLE 1A.—Observations on Normal Blo 


Individual Red Blood Hemato- Hemo 
Cell Cells in crit, globin 
Volume Millions per Cent Grams per 
10-11Ce.) per C.Mm. of Cells 100 (% Diagnosis 


9.4 5.00 47 Adenomatous goiter with hyperthyroidis: 
9.1 5.04 46 3.76 Cardiorenal disease 
9.1 4.62 42 : Hypertension; myocarditis 
4.98 45 3.7 Myocarditis; slight uterine hemorrhage 
4.70 4 2.2 Osteo-arthritis, chronic 
41 3.76 Nutritional disturbance 
41 2. Osteo-arthritis; mild hypothyroidism 
4] a. Nutritional disturbance 
38 11.73 Endometrial polyp 
45 7 Sprue 
45 35 Asthmatie bronchitis 
40 3 Infectious jaundice, acute 
‘ Infectious jaundice, acute 
Bronchopneumonia; asthma 
Fibroid of uterus 
Infectious jaundice, chronic 
Question of duodenal ulcer 
Infectious jaundice, acute 
Nutritional disturbance 
Duodenal ulcer; hypertension 
Duodenal ulcer; hypertension 
Hodgkin's disease 
Nutritional disturbance 
Mild hypothyroidism 
Uleerated colitis 
Lacerated cervix; menopause 
Intestinal indigestion 
Obesity 
Duodenal ulcer 
Infaret of heart: coronary occlusion 
Diabetes mellitus; jaundice 


ee ee ee es 


8. 
8 
8. 
3. 
RO 
3. 
5. 
3. 
8.é 
g9 
8.2 
8. 
8. 
8. 
‘. 
‘. 
‘. 
‘. 
‘ 

‘. 
i. 
‘ 


| 
pt to 
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notably by Osgood,' ‘ 


Osgood and Haskins,’” Jorgensen and Warburg 
nd Haden.* 

Ponder ** and others have determined the red blood cell volume from 
certain measurements of the cell. Harting ?* estimated the average 


1 


9. Osgood, E. E.: Hemoglobin, Color Index, Saturation Index and Volume 
dex Standards in Men, Arch. Int. Med. 37:685 (May) 1926 

10. Osgood, E. E., and Haskins, H. D.: Relation Between Cell Count, Cell 
lume and Hemoglobin Content of Venous Blood of Normal Young Women, Arch 
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olume as 76 cubic microns. Welcker ** obtained tl 

crons, whereas Ponder?! has considered the averagt 
70 and 80 cubic microns. If the average individual cell volume fgur« 
8.4 < 107! cc. obtained by us be changed to cubic microns, 84 cubic 


microns would represent the average normal red blood cell volume here 


observed. It is possible that this figure is slightl » high because, 


Owing to the shape of the red blood cells, comple te 


the hematocrit method may not be possible. 


RED BLOOD CELLS IN VARIOUS TYPES 


Pernicitous Anemia.—One hundred and thirt 

were made on 106 patients with a diagnosis of pernici 
individual cell volume in the majority of instances 

ir greater. In general, this figure varied inversely 
cell count, the lower figures being found in those cases w 
nearly normal count, and especially after treatment with | 
extract. In only a few of these cases was the red blood 
definitely within normal limits, and very few determinations are 1 
in this group, where patients had been treated with liver over 
period of time. Observations made on the blood of patients treated 
for longer periods of time and with a red blood cell count essentially 
normal are discussed in another paragraph. In a few of the cases 
studied complications were present. Only four cases (101, 102, 103, 
104) recorded in table 2 need be discussed from this standpoint. In 
case 101 the patient had been treated with liver for about tw 

during which time his red blood cell count was normal. | 

admitted to the hospital with an acute respiratory infection 

ephritis, at which time this determination was made. Complete 

ery occurred, and under liver treatment the patient has remained 


for a year. Myxedema developed to complicate the picture in ca 

With thyroid extract and liver treatment, it has been possible 

patient to maintain a fair state of health, but with a red blood 

generally somewhat below normal. The diagnosis in case 103 | 

somewhat questionable. This patient is a negress wh 

hospital with a marked anemia. Sickle cells could not be d 

free hydrochloric acid was absent from the gastric contents 

the fractional test method for two hours after an Ewald 

Under treatment with liver, a reticulocyte rise occurred, followed b: 

the usual red blood cell rise, and the patient has remained essentiall 

well with similar treatment since. In case 104, the 

on liver treatment aneeiiinnils two years 
13 “Weicker, H.: Grdsse, Zahl, Voh 

: n 7 


hei Menschen und bei T tsc 
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TABLE 2.—Observations in 


Individual Red Blood Hemato- Individual Red Blood Hemato 
Cell Cells in crit, Cell Cells in crit, 
Volume Millions per Cent Volume Millions per Cent 


10-412 Ce.) per C.Mm ll a 0-32 Ce per C.Mm of Cells 


0.91 l 11.8 


0.57 


oR 
09 
100 
101 
102 
102 
104 
105 


106 





* Some liver was ingested before observation was made 
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munations were made. At that time the history, symptoms, physical 
signs and blood examination were all typical of pernicious anemia with 
changes resulting from an early combined degeneration of the spinal 
cord. At the time of the observation here recorded there was a dro; 
in the blood count; occult blood was demonstrated in the feces, and 
there was evidence of progression of the cord changes. Roentgen 
examination of the stomach showed a lesion, probably carcinoma 
Exploratory operation was refused. The diagnosis of pernicious anemia, 
although recorded, is questionable in cases 105 and 106. In each 
instance no free hydrochloric acid was found in the gastric contents 
The color index, smear examination and history, however, suggest 
secondary type of anemia. Hemorrhage from the intestinal tract was 
demonstrated quite certainly in case 105, although roentgenologic exam 
ination failed to demonstrate a pathologic condition. 

Questionable Pernicious Anemia.—Five other cases with high indi 
vidual cell volume figures recorded in table 2A might properly be dis- 
cussed at this point. The first three cases are placed in this group 
because it was impossible to make a positive diagnosis of pernicious 
anemia, although certain features of the cases were suggestive of this 
disease. In each instance free hydrochloric acid was absent from th 
gastric contents, and the blood picture would fit in satisfactorily for this 


diagnosis, although there were certain atypical symptoms. In case 2. 


the patient was admitted with symptoms suggesting disease of the gall 


bladder, but cholecystographic studies failed to show such a disturbance 
In case 3, there was a basal metabolic rate of +36 per cent and a1 
atypical anemia. The diagnosis was recorded in the hospital record as 
chronic alcoholism, Korsakoff’s syndrome. Case 4'* showed an absence 
of free hydrochloric acid in the gastric contents and definite macrocytosis 
in the blood smear. There was, however, occult blood in the feces. 
and roentgenologic studies showed a large mass in the stomach. 
extract was given, followed by a rise in the reticulocyte count and in 
the red blood cell count. An exploratory operation revealed an adeno 
carcinoma involving a large part of the posterior wall of the stomach 
Although a part of the anemia was the result of loss of blood, it is 
quite likely that pernicious anemia was also present. The diagnosis 
must remain somewhat in doubt in case 5 also. This patient had 
moderate degree of anemia, not typical of that found with pernicious 
anemia and a small amount of free hydrochloric acid was found in th 
gastric contents. Symptoms were present, however, suggesting rathe1 
extensive disturbance in the central nervous system, not entirely typic 

14. This patient was observed through the courtesy of Dr. J. P. O'Hare 
Dr. John Homans of the Peter Bent Brigham Hospital staff 
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those found in combined systemic disease involving the posterior and 


teral columns of the cord. A moderate increase in the red blood cell 
unt resulted from treatment with liver. A diagnosis of multiple 
lerosis was made. 

Anemia Due to Chronic Loss of Blood. —The record of individual 

volume determinations in fifty-two patients having anemia resulting 
mm chronic loss of blood are recorded in table 3. In the majority of 
ese cases many determinations were made; but in each instance the 
rst determination is recorded only when the anemia was most marked 
he individual cell volume figure for this group of cases varies from 
the very low one of 5.2 * 10 ce. to the average normal figure of 
5 10"! ce. Only about 20 per cent of the figures fall within the 
range which is considered normal. In no case here recorded was the 


gure higher than normal, which was found in the cases of pernicious 
TAPLeE 2A bservations in Questionable Pernicious Anemia 


Individual Red Blood Cells Hematocrit 
Cell Volume n Millions per Cent 
O-12 Ce per C.Mm ot Cells 
| 


u 


mia. It is interesting to note, however, that during improvement 
the blood condition under the influence of treatment the individual 
volume, when low at first, gradually increased to a normal figure 


Figures illustrating this point are shown in table 3A (case 3 of table 3). 


he cause of the loss of blood appears not to have been a factor in 
termining the size of the cells. Likewise, there seems to be no definite 
lation between the cell volume and the red blood cell or hemoglobin 
vel before treatment was started. 

Anemia Due to Acute Loss of Blood.—In table 4 are recorded 
venty-eight observations made in twelve patients having hemorrhage 
ither just prior to or during the period of observation. In these patients 

average individual cell volume was greater than the normal cell 
lume in most instances shortly following the hemorrhage. The 
hservations recorded in cases 1 and 4 show well the gradual change to 
rmal or even smaller than normal individual cell volume during 
nprovement in the blood. No special treatment was given in these two 
ses to enhance blood formation In case 12, bleeding occurred 





TABLE 3.—Observations in Anemia Due to Chronic Loss of Blood 








Individual Red Blood Hemato- Hemo- 
Cell Cells in crit, globin in 
Volume Millions per Cent Grams per 
Case (x 10-44Ce.) per C.Mm. of Cells 100 Ce. Source of Hemorrhage 


4.80 25 6.88 Cancer of ascending colon 

5.10 6.62 Uterine hemorrhage 

4.85 27 5. Uterine hemorrhage 

3.76 23 , Uterine hemorrhage 

00 23 Hemorrhoids 

80 y 5 Uterine hemorrhage 
Uterine hemorrhage 
Uterine hemorrhage 
Uterine hemorrhage 
Uterine hemorrhage 
Intestinal hemorrhage 
Uterine hemorrhage 
Uterine hemorrhage 
Uterine hemorrhage 
Uterine hemorrhage 
J orrhage 


om 


bie 


co to 


Cancer of stomach 
Uterine hemorrhage 
Intestinal hemorrha 
Cancer of 

Cancer of stor 
Cancer of stomach 
Uterine hemorrhage 


icer Of intestine 
Uterine hemorrhage 
Uterine hemorrhage 
Uterine hemorrhage 
Uterine hemorrhage 
Uterine hemorrhage 
Hemorrhoids 
Iterine hemorrhage 
terine hemorrhage 
hemorrhage 
hemorrhage 


hemorrhage 


i 


hemorrhage 
hemorrhage 
Tterine hemorrhage 


terine hemorrhage 


ODM As 


‘ancer of stomach 

terine hemorrhage 

iter emorrhage 

Uterine hemorrhage 
norrhoids 
morrhoids 

Intestinal 1 

orrho 

Cancer of stom: 

morrhoids 


norrhoids 


io 4 


Individi 





Individual Red Blood Cells Hematocrit, Hemoglobin 
Cell Volume in Millions per Cent Grams per 
Date of Test (x10-2 Ce.) per C.Mm. of Cells 100 Ce 


11/13/28... 5.6 4.85 
11/19/28... 3 4.97 
11/26/28. 

12/ 2/29.. 

12/12/28. 

12/19/28. . 

12/26/28. . 

1/ 7/2 

1/14/29. 

1/23/29. 

2/13/29. 
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requently during the period of observation, which no doubt explains 
e rather constantly increased cell volume. Cases of this series would 
rdly be confused clinically with cases of pernicious anemia as the 
resence of hemorrhage was very obvious. 
“Secondary” Anemia Not Caused by Hemorrhage.—In a group ot 
twenty-four patients having a secondary anemia from some cause other 
in hemorrhage, the cell volume varied considerably, about one-thir: 
ing below normal, whereas a smaller group showed greater that 


“ABLE 4.—Observations in Anemia 


Individual Red Blood Hemato 
Cell Cells in crit, lobin 
Volume Millions per Cent Grams per Source of 
(x 10-12 Ce.) per C.Mm of Cel 100 Cx Hemorrhage 


2.17 


Postope rative 
Gastric ulcer 


Gastric ulcer 


Uterine hemorrhag 
Uterine hemorrhags 
Uterine hemorrhage 
Hemorrhoids 
Uterine hemorrhage 
Gastrie ulcer 
Gastric ulcer 


Hemorrho 


rmal volume. The anemia in some of these cases was probably either 
i the chronic chlorotic type or to be explained on the basis of nutritional 
sturbances. In these cases the diagnosis is recorded as “undeter 
ined.” With the exception of the last patient, the individual cell 
lume is definitely smaller than that usually found during relapse 11 


\tients with pernicious anemia. The cause for the anemia in this last 
ise was undetermined. The patient’s mother had pernicious anemia, 
ut the patient herself had free hydrochloric acid in the gastric contents 


| no symptoms suggestive of this disease. 
Pregnancy with Anemia.—The individual cell volume was studied 


wer 


patients having an anemia during pregnancy or following de 





Dat 


Case ( 


LE 5 Observations 


Red Blood 
Cells in 
Millions 

Mm. 


Individual 
Cell 


Volume 
10-112 Ce.) per ¢ 


TABLE 6. 


Red Blood 
Cells in 
Millions 


€ 
Volume 
10-21 Ce.) per C.Mm. 


Individual 
Cell 


a ee ee 
' ¢ ' ¢ ~ 


a 


Hemato- 
crit, 
per Cent 
of Cells 


Hemato- 
crit, 
per Cent 
of Cells 
14 


S 


Secondar: 


Hemo 
globin in 
Grams per 

100 6 


6.88 


13.40 


Hemo- 
globin in 
Cirams per 

100 Ce, 


10.06 
10,02 
11.04 


“o 


* Anemia 


Not Caused by Hemorrhage 


osis 


Diag 


Nutritional disease 
(After treatment with 
Diaphragmatic hernia 
(After treatment with 
Nutritional disease 
Chronie chlorosis 
Erythema nodosum 
Chronie chlorosis 
Chronic chlorosis 
Myxedema 
Men'ngioma 
Salpingitis; chronie oophoritis 
Subacute bacterial endocarditis 
Cholecystitis; cholelithiasis 


liver) 


liver 


Myocarditis 


Not determined 

Lead poisoning, 

Osteo-arthritis 

(QJuestion of methemoglobiner 
mal) 

Arteriosclerosis 

Mild hypothyroidism 

Obesity; nutritional disease 

Chronie myocarditis; cerebral 
sclerosis 

Not determined 

Duodenal uleer; arteriosclerosis periphera 
Arthritis, infectious 

(After treatment with 

(After treatinent with 

Not determ ned 

(hronie chlorosis 

Myxedema 

Not determined 

Hemopneumothorax; massive collapse of 
lung 

Carcinoma of head of pancreas: jauniic 

Not determined 

Not detern 1 


chronic 


arterio 


liver) 
liver) 


ined 


Anemia 


Comment 
Postpartum anemia 
One year later free 
present 


hydrochliorie a 


During pregnancy 
During pregnancy 


Postpartum anemia 


During pregnancy; no 
chlorie acid present 
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\s may be seen from table 6, the figure for the individual cell volume 
aried considerably. In cases | and 4, the anemia occurred acutely aiter 
lelivery and was not due to hemorrhage. Whether or not slight anemia 
had occurred previously in these patients is not known. Free hydro- 
chloric acid was found in the gastric contents of the first patient. Onl) 
one other patient (case 6) was tested in this manner, and no free hydro 
chloric acid was found in specimens obtained up to two hours following 
in Ewald test meal. The anemia in this patient and in the others ot 


the group, excepting in cases 1 and 4, was observed during the courss 


of pregnancy. In each patient of the series the blood picture in most 


respects was characteristic of the secondary type. Although the cell 
TABLE 7 bservatt in’ Nephritis 


Individual Red Blood Hemato Hemo 

Cell Cells in crit, globin in 

Volume Millions per Cent Grams per 

10-11 Ce.) Edema per C.Mm. of Cells 100 C« Diagnosis 
8.2 5.42 2 7.86 ‘hronie nephritis without edema 
10.0 + 2. 2 55 ‘hronie nephritis with edema 
9.2 : 
8.4 


8.0 


1.3 


9.6 

8.7 

9.0 

9.1 3 3 ‘hronie nephritis y 


i 
R9 


8.4 


‘hronie nephritis 
‘hronie nephritis 


volume was definitely above the normal range in two cases of this series 
cases 1 and 2), it is not likely that any of them fall into the group of 
so-called pernicious anemia of pregnancy. 

Anemia in Nephritis—Data concerning five patients with nephritis 
re given in table 7. Here again the individual cell volume in several 
nstances was greater than the upper normal figures. The reason for 

is is not easy to determine, although clinically there was no difficulty 
n distinguishing them from the pernicious anemia group. Liver therapy 
uled to increase the red blood cells. Three patients of the group had 
phritis with edema and the cases may be classed as so-called nephrosis 
Che remaining two patients had nephritis without edema. In those 
tients with edema, the individual cell volume was apparently influenced 
the presence or absence of the edema, usually being increased during 


periods of increased fluid retention 
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Erythremia.—Five patients with erythremia were observed, and th 


results are shown in table 8. 


In these patients, the individual cell volume 


was within or below the normal range. 





Red Blood 
Cells in 

Volume Millions 
10-41 Ce.) per C.Mm. 


6.10 


5.82 
8.19 
6.06 
8.90 


Individual 
Cell 
Case (x 


} 


) 


a 
e 
2 
4 


Hemato- 


crit, 
per Cent 
of Cells 


48 


Hemo- 
globin in 
Grams per 

‘e. 


100 ¢ Diagnosis 


osis 


Erythremia; cerebral throm! 


Erythremia 
Erythremia 
Erythremia 


7.30 


6.80 Erythremia: hyperte: 


TABLE 9.—Observations in Miscellaneous Blooc 





White 
Blood 
Cells 
per C.Mm. 
3,500 
2,900 
2,700 


Hemo- 
globin in 
Grams per 
100 Ce. 
6.06 
7.59 
6.11 


Individual Red Blood Hemato- 

Cell Cells in crit, 
Volume Millions per Cent 
Case(x 10-11 Ce.) per C.Mm. of Cells 


15.2 
12.8 
11.6 
12.1 
11.6 
11.1 
11.1 
11.1 
10.2 
10.0 
10.0 

9.9 

9.7 

9.5 


Diagnosis 


Leukemia, 
Leukemia, 


aleukemic lymphoid 
aleukemic lymphoid 
Leukemia, aleukemie lymphoid 
Malignant lymphoma; jaundice 
Leukemia, chronic myeloid 
Purpura hemorrhagica, acute 
Leukemia, aleukemic myeloid 
Leukemia, aleukemic myeloid 
Leukemia, aleukemic myeloid 
Leukemia, chronic lymphatic 
Leukemia, chronic myeloid 
Atypical blood disease 
Leukemia, aleukemic myeloid 
Atypical blood disease 
Leukemia, chronie myeloid 
Leukemia, chronic myeloid 
Leukemia, aleukemic myeloid 
Leukemia, aleukemic myeloid 
Atypical blood disease 
Leukemia, chronic myeloid 
Leukemia, chronic myeloid 
Leukemia, chronie myeloid 
Leukemia, aleukemic myeloid 
Splenomegaly 


db 
Koc 


to: 


RSE 


20,000 
3,000 
10,000 
8.600 
11,000 
41,000 
21,500 
2,100 


Oo 


RRRKSE 
on~w 
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Orme poten or 


e) 
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2.700 
204,100 
204.100 
5.200 

5,500 

12,000 
190,000 
190,000 

90,000 

3,800 

6.000 
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Miscellaneous Blood Diseases. 
on a group of patients having some form of essential blood disturbance: 


In table 9 are recorded observations 
other than pernicious anemia. In many of these cases, especially thos: 
of aleukemic leukemia, it was difficult to distinguish from pernicious 
anemia. The determination of the individual cell volume did not hel; 
in this differentiation. 
minations fall within the range generally found during relapse in patient 


The table shows that the majority of the deter 


with pernicious anemia. In only two patients (cases 10 and 12) was 


considered necessary to subtract the height of the white blood cell colum: 
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the total cell column in determining the cell hematocrit figure, 
though it is possible that a somewhat lower individual cell volume 
suld have been found in other cases if this had been done. Difficulties 
diagnosis were slight in those cases having the higher white blood 
counts, although diagnosis was difficult in the cases having low 
ite blood counts. It is in such cases as the latter that aid in diagnosis 
lesired, but differentiation is not possible by a determination of the 
lividual cell volume. A noteworthy fact is that the individual cell 
lume was normal or less than normal in the patients with the more 
rly normal red blood cell counts. Such a state of affairs did not 


1 
| 


‘ur in the patients with pernicious anemia with higher counts, even 


liver had been ingested for short periods of time 


OMPARISON WITH MEASUREMENTS OF rHE MEAN DIAMETER 


Measurements of the average individual cell volume and of the mean 
|| diameter were made on the same sample of venous blood in a series 
patients with pernicious anemia and in a group of patients with 
arious diagnoses. The mean diameter of the red blood cells in normal 


8 


rsons has been found by Bell, Thomas and Means * to vary from 7.4 
8 microns and by Medearis and Minot ** from 7.25 to 7.75 microns. 
hese figures compare favorably with those obtained by others and 
pecially those collected from the literature by Jorgensen and Warburg * 

nd by Ponder.** The mean diameter rarely exceeds 7.8 microns and 

or the purposes of this paper 8 microns is considered the upper limit 

normal. Twenty-seven determinations were made of both the indi- 
idual cell volume and the mean diameter of the red blood cells of 
twenty-five patients with pernicious anemia, in whom treatment with 
iver had been carried out for only brief periods of time or not at all, 
r in whom the red blood cell count had dropped because an insufficient 
mount of liver had been taken. In two of the patients the observations 
vere made on two separate specimens of blood. The data is presented 

r comparison in table 10. The cases have been arranged according 
the size of the mean cell diameter. In the first five cases, the mean 

meter was within the normal range. In none of these five patients 


is the individual cell volume normal. In fact, in only two cases of the 


ntire series was the individual cell volume figure within the normal 
nge, namely, case 18 (case 102, table 2) and case 20 (case 103, table 
The mean diameter measurement in both of these cases was dis- 
netly greater than normal. It is very likely that in case 18 the indi- 
lual cell volume figure represents the condition of the blood more 
Medearis, D. N., and Minot. G. R.: Studies on Red Blood Cell Diameter 
Pernicious Anemia, Before and During Marked Remission, and in Mve 
nous Leukemia, J. Clin. Investigation 3:541, 1927 





454 ARCHIVES OF INTERNAL MEDICINE 


nearly than the mean diameter figure, as this patient had developed sign 

and symptoms of myxedema with a basal metabolic rate of —29 per 
cent. A more detailed discussion of this case has been recorded under 
case 102 of table 2. Case 20 has been discussed previously as case 103 


TABLE 10.—Comparison of Mean Diameter with Individual Cell Volume w 
Pernicious Anemia 


Individual Red Blood 
Mean Cell Cells in Hemoglobir 
Diameter, Volume Millions in Grams pe 
Microns x 1012Ce.) per C.Mm. 100 
59 B, 4.06 


LADLE LHLDE RH PP -irt--8-47 


“1m Die 


Somes 


8 
8.4 
s 
8 


ene 


8.9% 
8.04 
10 


* OA one year later than determination no. 9. 
+ 138A two weeks later than determination no. 15. 


Taste 11.—Comparison of Mean Diameter with Individual Cell Volume in Cas 
of Pernicious Anemia in Which Treatment Has Been Given 


Individual Red Blood Hemato- 
Mean Cell Cells in crit, Hemoglobir 
Diameter, Volume Millions per Cent in Grams per 
Miecrons < 10-12 Ce.) per C.Mm. of Cells 100 Cc 

7.49 
7.60 

70 

70 

#0 


OSs 


4.98 2 12.98 
11.30 


Serr 


oO OD 


DDO Da~intata3 
Cee 
—> 


mmm bo 


of table 2. In this group of patients the individual cell volume figur 
gave more definite information concerning the state of the red blood 
cells than did the much more difficult and technical determination of t! 


mean cell diameter. 





WURPHY-1 
Studies were made on twelve patients with pernicious anemia who 
| received satisfactory liver treatment for a year or more during which 
their red blood cell count had remained at or above 4,500,000 per 
ic millimeter except in the patient recorded in case 12. The count 
this case had remained above this level up to the time the cell 
‘rs were measured when it was 4,220,000 per cubic millimeter. 


t 


Tice 


one patient observations were made on two occasions about seven 


mths apart so that a total of thirteen observations are recorded. In 


< instances both the mean diameter and individual cell volume figures 
within the normal range, whereas in two others, although the indi- 
ual cell volume was normal, the mean diameter was greater than 
mal. In no instance, however, was the individual cell volume higher 

n the upper limit reached in a few of the normal blood specimens as 

corded in tables 1 and 1A. 

Che figures noted in table 11 suggest that under proper liver treat- 
ment the red blood cells in a patient with pernicious anemia may be 
maintained at an essentially normal volume with, in some instances, 

slightly greater than normal mean cell diameter. These observations 
corroborate the figures reported by Bell, Thomas and Means *; Medearis 
and Minot,’® Persons,*® and Fitzhugh and Persons,’ obtained by 
measurement of the mean diameter of the red blood cells in a group 
patients with pernicious anemia treated with liver 

In the third group of cases in which a comparison was made of the 
individual cell volume and the mean cell diameter, thirty observations 
were made on twenty-four patients and the data are given in table 12 
\ detailed discussion of the figures will not be undertaken, as the points 

t difference in the two determinations may be seen readily by inspection 
it the table. Mention is made, however, of some aspects of those cases 

which marked difference between the two figures occur. In case 1] 

ilso case 1 of table 6) the patient had severe, acute anemia following 
bor. Hemorrhage did not occur. One year later, the individual cell 
lume was 9 & 10% cc. when the red blood cell count was only slightly 
low normal and the patient apparently in good health. At this time 

hydrochloric acid was found in the gastric contents following an 

ud test meal. In recording the individual cell volume of case 13, 

illowance was made for the increase of white blood cells which no 

Persons, E. L.: Studies on Red Blood Cell Diameter: III. The Relation 

Diameter of Immature (Reticulocytes) and Adult Red Blood Cells it 

and Anemia, Especially in Pernicious Anemia, J. Clin. Investigation 7: 
1929, 

Fitzhugh, G., and Persons, E. L.: Studies on Red Blood Cell Diameter 


The Decrease in the Mean Diameter of the Reticulocytes and Adult Re 
| : 


1 Cells in Pernicious Anemia Following Liver Therapy, J. Clin. 


1, 1929 
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doubt influenced the figure. This case, as well as cases 15 and 23 a1 
23A, are recorded in table 9. Attention was called previously to th 
fact that many of this group‘of cases showed a high cell volume figur: 
Only in cases 23, 23A do the two figures agree as to the cell size. Mor 
determinations must be made in order to decide definitely whether « 
not there is actually an increase in red cell size in such cases. 

In three cases (16, 17 and 24, table 12) the anemia was the result 
of acute loss of blood. Observations of both the individual cell volum 


TarLe 12.—Comparison of Mean Diameter with Individual 
Miscellaneous Cases 


Individual Red Blood Hemo 
Mean Cell Cells in globin in 
Diameter, Volume Millions Grams per 
Case Microns | 10-11 Ce.) Per C.Mm 100 Ce Diagnosis 


1] 1.22 2 Pregnancy and anemia 

8.4 2.75 Carcinoma of stomach 

6.7 3.76 5.f Diaphragmatic hernia 

8.1 5.56 : No disease 

7 5 Achylia gastrica 
Gallstones; jaundice 
Subacute bacterial endocarditis 
Nutritional anemia 
Arteriosclerosis 
Gallstones; cirrhosis; jaundice 
Frythema, nodosum 
Fibroma of uterus 
Fibroma of uterus 
Lymphatic leukemia 
Carcinoma of colon 
Leukemia, aleukemic myeloid 
Duodenal! ulcer 
Duodenal ulcer; acute hemorrhage 
Hemorrhoids; acute hemorrhage; epist: 
Hemorrhoids; acute hemorrhage 
Hemorrhoids; acute hemorrhage 
Myocarditis 
Uleer with hemorrhage 
Uleer with hemorrhage (question) 
Uleer with hemorrhage 
Uleer with hemorrhage 
No disease 
Leukemia, aleukemic myeloid 
Leukemia, aleukemic myeloid 
Carcinoma of stomach 


‘ 
‘. 

‘. 
i 


ie i es 


and the mean cell diameter measurement made shortly following ot 
during the period of loss of blood showed an increase in the size 0! 
the red blood cells. The figures obtained at this time are shown under 
160A, 17B and 24 (table 12). Later, after the blood loss had ceas 

and the count was more nearly normal, the size was found to b 
essentially normal by both methods, as shown under 16 and 17 (tab! 
12). In one observation (17A), the figures do not agree as to th 
size of the cells, the individual cell volume being larger than normal, 
whereas the mean diameter is within normal limits. This patient lost 
blood from time to time during the period of observation and repeat 

individual cell volume studies showed a figure greater than the norn 


range. This case is also listed in table 4 as case 12. As was mentiot 
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discussion of this table, the individual cell volume figure was 
r than normal in most instances shortly after hemorrhage. 
From an analysis of the figures in table 12, the evidence suggests 
the individual cell volume determination is quite as reliable as is 
measurement of the mean diameter by the methods used 


CONCLUSIONS 


determination of the individual cell volume as suggested by 

and as herein recorded is a more simple means of determining 
verage cell size than is the measurement of the mean cell diameter 
Determinations of the individual cell volume are very helpful in 
entiating pernicious anemia from other anemias in most instances 
vhich difficulty in diagnosis might arise, the outstanding exception 
ng in the rare condition, so-called aleukemic leukemia. During and 
rtly following acute loss of blood, there is an increase in the average 
dual cell volume, whereas in anemia resulting from chronic loss 


lood, the individual cell volume is generally low. 


Figures presented suggest that with adequate liver therapy, the red 


| cells of patients with pernicious anemia return to normal volume. 
individual cell volume figure greater than normal should indicate 
juate treatment. 
Not only is the method for determining the individual cell volume a 
ple one to use, but the information so obtained is also as reliable 
s is that obtained by measurement of the mean diameter of the red 
| cells by the method used. 


ss Isabel Howard aided with 





[IRON METABOLISM IN PERNICIOUS AND IN 
SECONDARY ANEMIA * 


HERMAN H. RIECKER, M.D. 
TECHNICAL ASSISTANCE OF Mary E. Winters, B.S 


ANN 


For a long time it has been known that iron occurs in the blood 1: 
some other combination than with hemoglobin, and recent studies * hay 
shown that this serum iron varies in quantity during iron starvation in 
experimental animals. In dogs rendered anemic by long-continued 
hemorrhage, with a limited intake of iron, the normal level of serun 


>? 


iron is reduced about 33 per cent, and when iron-containing foods or 


medicinal iron salts are given, the normal level returns, with consequent 


regeneration of the blood. 

The object of this paper is to report clinical studies directed toward 
the application of these results to the problem of iron metabolism 
pernicious anemia and secondary anemia in man. 


METHODS 


The method for determination of iron devised by Elvehjem and Hart ? 
adopted for this work, since its accuracy for small amounts of iron in biolog 
materials is unquestioned. One source of error in the determinations of serun 
iron is that a small amount of hemoglobin will vitiate the readings. This 


TABLE 1 Recovery of Iron from 10 Ce. Samples of Serun 


Recovered after 
e Content Precipitation, 
rum, Mg. Added Iron, Mg. Mg. 

None 7 

0.1 91 0.01 

0.05 eeeres 

0.04 137 —).00 

0.08 a H.00 


Prror 


controlled by precipitation of the serum proteins with 10 per cent trichlora 
acid, according to a suggestion of Briggs.* Other control studies on the met 
are reported in a previous paper. The accuracy of the method may be seen f: 
table 1. It is advisable to use not less than 10 cc. samples for analysis, 
when this has been done the method has been accurate, in my experience, t 
mg. of iron. 


* Submitted for publication, Feb. 28, 1930 


* From the Department of Medicine of the University of Michi 
Thomas Henry Simpson Memorial Institute for Medical Research 

1. Riecker, H. H., and Winters, M. E.: Serum Iron Determinations App! 
to the Study of Experimental Anemia, Am. J. Physiol. 92:196 (Feb.) 1930. 

2. Elvehjem, C. A., and Hart, E. B.: Iron in Nutrition: II. Quantitat 
Methods for the Determinations of Iron in Biological Materials, i 
64:43, 1926 


3. Personal communication 
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IRON CONTENT OF NORMAI SERUM 


forty persons, I have found the iron content of the serum to be 
shown in table 2. From this small group of normal people, the mean 
ue of 1.1 + 0.022 mg. per hundred cubic centimeters of serum is 
rived. It is probable that this figure varies somewhat, depending on 
method used in determinations of iron, and with this in mind it 
uuld be useless to compare my results with those of the earlier 


( stigators. 


IRON CONTENT OF SERUM IN PERNICIOUS ANEMIA 


With the advent of a method of producing a remission in pernicious 
emia by means of liver extract, an opportunity was afforded for 
rmining the iron metabolism in this disease somewhat more com 
etely than had hitherto been possible. A complete study of the iron 


etabolism in pernicious anemia was made by Queckensted * in 1914, in 


Paste 2.—Values Found for Iron in 


Iron per 100 
Ce. Serum, Mg. 


hich the literature to that date was reviewed. ‘This investigator could 
no evidence of destruction of blood by quantitative estimation of 
iron in stools and urine in pernicious anemia. However, Ker 

rknecht ° in 1911 had found an excess excretion in the stools of several 


nt 


tients with pernicious anemia, amounting to from 15 to 20 mg. per day 
(he “control” observations in my cases, preliminary to specific 
itment, indicate that the total excretion of iron during relapse is 
pproximately that of normal persons. 
was necessary to determine the iron content of the stools and urine 
hese patients over a long period of time in order to explain the 
nges which are found to take place in the level of the serum iron as 
ission of the disease takes place. Previous studies of the serum irot 
pernicious anemia have been reported by Fowell,® in which it was 


4. Queckensted: Untersuchungen iiber den Eisenstoffwechsel bei der pert 


Anamie mit Bemerkungen tiber den Eisenstoffwechsel iiberhaupt, Zts 
Med. 79:49, 1914. 
Kennerknecht, Klara: Beitrage zur Kenntnis des Eisenstoffwechsels be 


iOgen Anamie und Leukamia, Virchows Arch. f. path. Anat. 205:89, 1911. 
Fowell, P. H. C.: Iron in the Blood, Quart. J. Med. 6:179, 1912 
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concluded that the nonhemoglobin iron was much higher than normal, 
and that this fact might be of value in determining the extent 
hemolysis in disease. Erben’* believed that the nonhemoglobin iron was 
increased in pernicious anemia, and I have been able to substantiate .this 
in most instances, including that in which phenylhydrazine is used 
produce hemolysis. 

The serum from nineteen cases of pernicious anemia was analyz 
for iron before and after induced remissions. Although there was a 
wide variation in the initial values, it is believed that in cases for whic! 
specific treatment had not been given, the iron levels of the serum wer 
higher than normal. Table 3 gives a summary of the results together 
with the initial peripheral blood counts. In many of the cases, 


TABLE 3.—Relation of the Initial Iron Content of the Serum to the Red 


Cell Count in Pernicious Anemia 


Initial Red Initial Iron 
Blood Cell Content of Serum, 
Count, Millions Mg. per 100 Ce F 


1.63 
le 





* Having normal initial values for the serum iron. 


initial values of the serum iron became normal when remission wa 
established, while in several the values remained constantly normal 
throughout the period of observation. 

Those of the first group with high initial levels of the serum 
include cases 1 (1.63 mg.), 2 (1.3 mg.), 3 (1.5 mg.), 5 (1.8 mg.), 9 
mg.), 10 (2 mg.), 14 (1.33 mg.), 16 (1.29 mg.), 17 (1.5 mg.), 18 
mg.) and 19 (1.29 mg.). In all of these, the level became progressi\ 
lower as the blood picture approached normal. However, in some thet 
was not a regular decline in the values of the serum iron, and for t! 
[ have no explanation. 

Eight of the cases did not show an elevation of 
admitted to the hospital. These are cases 4+ (1.22 mg 


7. Erben, F.: Die chemische Zusammensetzung des Blutes bei pernizi 
Anaimie, Ztschr. f. klin. Med :267, 1900 
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mg.), 8 (1.1 mg.), 10 (1.08 mg.), 11 (1.17 mg.), 12 (1.1 mg.) and 


+ (1.08 mg.). 

In table 4, the studies of the peripheral blood and the corresponding 
terminations of serum iron have been compared. The abnormally high 
tial values of the serum iron bring to mind the corresponding increased 
ilirubin in the blood serum and suggest the possibility that these sub 
nces are derived from the same source, that of hemolysis of immature 


throcytes in the bone-marrow. 
TasBLe 4.—/ron Content of the Serum in Pernicious 


Heme 
globir Fe in 
(Sahli) Reticulo- Serum, Mg 
Date Red Blood Cells % cytes, % per 100 Ce Medicatior 


June 2:3 1,400,009 1 63 
June rh) Hog stor 
June 2 8 
July ) 
July 2,490,000 
July 
July 2 
July 2,690,000 
July hopes 
July 2 3,390,000 
July aS 
Aug. , 3,400,000 
Aug. 
Aug. 
Aug. 4 “a 
Aug. 4,660,000 
Feb. 9 1,300,000 
Feb. f 
Feb. 
Feb. 
Feb. 
Feb. 

1,630,000 

3,140,000 

320,000 
50,000 


?,970,000 
, 200,000 
730,000 

1,060,000 

1,370,000 

1,990,000 

2,250,000 

2,520,000 

1,890,000 

1,780,000 


1,310,000 
1,300,000 


1,600,009 
2,160,000 


240,000 





Serum in Pernicious Anemia—Continued 


Hemo 
globin Fe in 
(Sahli), Reticulo- Serum, Mg. 
Date Red Blood Cells % cytes, % per 100 Cr Medication 


Feb. 12 1,100,000 1 2.0 , Lilly liver extract 
Feb. 14 1,250,000 Os 23 

Feb. 18 cece 9.5 

Feb. : 2,120,000 5.9 

Feb j 

Feb 97 2,340,000 

March os 

March {| },400,000 


June 2 2,120,000 a8 Lilly liver extract 
June ‘ 

June : ? 340,000 

June j 3,080,000 


Nov. 1,030,000 

Nov. 

Nov. ¢ 1,200 000 

Nov. 2 ane wes ; Hog stomach 
Dee. ’ 1,080,000 29 ] 


Sept. 1 1,070,000 

Sept. 

Sept. ° 

Sept. 890,000 

Se pt. 

Sept. 

Sept. 26 £220,000 

Sept. i 700,000 

Oct. 

Oct. tees 

Oct. 68,000 F 
Oct. ee : 02 Hog stomach 
Oct. 98,000 

Oct. 

Oct. 7 1,350,000 

ct, |e 10,000 


Oct. 1,500,000 } d : Hog stomach 
Oct. 1,280,000 

Oct. 

Oct. ¢ 

Oct. 2 1,520,000 

Oct, $ 1,780,000 

Nov. ’ ‘ 

Nov. 2,100,000 


Noy. 15 700,000 17 Lilly's liver extract 
Nov. 2 1,340,000 j 

Nov. . 

Nov. ?, 400,000 

Dex 3,160,000 

Nov. 1,680,000 

Nov. 3 

Nov. 25 1,160,000 - l Hog stomach 

Nov. 7 

Dec, 1,420,000 


Nov 2 1,680,000 3 3 ys -arke Davis & Co 
Nov. § ; 1.3 2s liver extract 
Noy. { 2,010,000 

Nov. 


Dec. 2,660,000 


Sept. 2,080,000 , 15 15 Lilly’s liver extract 
Sept. , 


Sept. ° 
Sept. 2,600,000 
Sept. 2 S80,000 


Sept. ; ‘ Lilly’s liver extract 
Sept 3,170,000 

Sept. 

Sept. } 3,640,000 

Sept. * 4,130,000 


Sept. ; 2,900,000 
Oct. ° 

Oct, 2,850,000 s 

Oct ?, 40,000 3 Lilly's liver extract 
Chet 080,000 7 
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METHOD FOR DETERMINATION OI IRON METABOI 
PERNICIOUS ANEMIA 


r determination of the iron metabolism in pernicious anemi 


i 
selected who had been given no specific treatment. They were placed 

under strict surveillance as to food and water intake and the collection of 
imens. A diet was designed to contain 7.5 mg. of iron based on Shermans 


lvses, and the foods prepared with distiller water.’ 


I 


\fter a control period of between four and eleven days on the diet, 


nission with liver extract was induced. 


Stools were collected in white porcelain pails, pooled into five day lots (excep 


1 otherwise indicated) and dried over a steam bath. The total pooled speci 
was then removed by a4 hard-wood spatula, the container being scraped with 
rcelain spatula, and the specimen weighed. It was then ground to du 


ig dau 


rge porcelain mortar over which a rubber membrane had been attached 


s a sample was taken for analysis. 


Collections of urine were made in the usual manner, poolec 


1 [ 1, measured 


ples analyzed corresponding to the collections of stools 


tl 


During the progress of the remission, it was necessary to increase tl 
ue of the diet; this was done in a definite manner, and the increase 
iron was noted. 

In the case of the two female patients, the collections of urine 
te, but even here the results differed only in degree from thos« 
the series, 

in several occasions, duplicate diets were prepared 


the other was dried, ground and analyzed for iron 
results for calculated and chemically determined iron were close 
\ patient with mild arthritis deformans was placed on the standard regimer 


the intake and the excretion of iron were found to balance during a tet 
od. In none of the patients was there occult blood in the stools 


mples from the specimens of stools and urine were analyzed, and thx 
yn used in derivation of the average figt id in all cases medication 


re was noted and analyzed and the result for iron added t 


IRON METABOLISM IN PERNICIOUS 


Case 1 was followed for a period of seventy-one days, during whicl 


i 


hemoglobin level (Sahli) rose from 28 per cent to 78 per cent, and 


erythrocyte count from 1,020,000 to 4,570,000. 


During this period, 
patient excreted 1,274.74 mg. of iron. His total intake of iron as 
id and in the liver extract was 634.28 mg., giving an excess excretion 
540.36 mg. The excretion was not constant and appeared greatest 


he beginning of the second half of the period, that 
ter treatment had begun. 


is, one month 


8. Peterson, W. H., and Elvehjem, C. A.: 
ds, J. Biol. Chem. 78:215 (June) 1928 
and Nutrition, New York, The Macmillar 
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In case 2, the determinations were carried out over a period \ 
thirty-four days; the hemoglobin level increased from 25 per cent t 
S88 per cent. The disease was of shorter duration than that of the 
previous patient and the patient was younger. He also had an exophthal 
mic goiter. However, the excess excretion was 297.3 mg., while the 


ae ; : 
5.—lron Excretion During Active 


Total rag Daily 
Exeretion Excretion Excretion i c Excess 
offron in ofIronin for Period, Exeretion, ail Excretion, 
Dates, 1929 Stool, Mg. Urine, Mg. Me Mg. Me 


IR.99 g 9] 6.77 


30-31 8.06 8.0. 


Treatment with 
Sept 96.89 
Sept 
Sept. 
Sept. 
Sept. 2 
Sept. 26-3 
Oct. 
Oct 
Oct. 
Oct. 
Oct. 3 
Oct 
Oct. 3 
Nov. 5-7 8.56 
Totals ¢..... 1,274.74 699.77 
+ Hemoglobin level rose from 28 per cent to 78 per cent and the red blood cell count fri 
1,020,000 to 4,570,000. 
Iron in Lilly extract, 59.28 mg., subtracted 
(40.42 meg. 


from total exeretion leaves excess excretion 


TABLE 6.—I/ron Excretion During Active Remission in Case 2 


Food 
Excretion Excretion Total Average Iron 
of Iron of Iron Excretion Daily Intake I 
in Stool, in Urine, for Period, Excretion, Daily, Ex 
Dates, 1929 Mg. Mg Mg. Mg Mg. 
Oct. 26-30...... 59.2 31.4 18.40 
Oct. 31-Nov. 4.. ‘ 55 13.60 
es Dvscecces 27. 3 i 14.16 
Nov. 10-14.... 43.3 3 16.70 
Novy. 15-19 ‘ : 33 16.02 
Nov. 20-24 : , 4/ l 1 > > 30 
MOV: STB...ccivess 7 34.6 , 28.08 
Totals for 34 days t. 312.5 309.2 


+ Hemoglobin level rose from 25 per cent to 88 per cent and the red blood cell count fro: 
940,000 to 5,600,000. 

Iron in Lilly extract, 11.85 meg., 
97 SS ME 


subtracted from total excretionsleaves excess excretion 


total iron intake was 324.3 mg. He was still excreting large quantities 


of iron when referred for operation for exophthalmic goiter. 


Case 3 was observed for a period of eighteen days, four of whi 
The hemoglobin level rose from 40 pet 


were in the control period. 
cent to 50 per cent. The patient’s excess excretion of iron amounted 


107.45 mg. The marine liver extract used in this case contained 27> 





10n there was a 


l 


of iron. On account of the short 
excess excretion of iron. 
In case 4, observed for twenty-three days, an excess excretion o 
»f iron was obtained, although the patient had not been undet 
time to obtain a true metabolic picture 
1 
lections 


perio 


38 mg. 
ly long 
one a | 


ition a sufficient! 


se 5 was observed during a fifty 
but an excess 


ict 


were incomplete throughout, bu 
The liver extract contait 


m was found. 


Excretion Excretion erage Food Average 
of Iron of Iron nd Me 
in Stool in Urine ron Ir 

for Period, for Period, 

Mg Mg 


oglobin level rose from 40 per cent 
2,180,000. 
liver extract 


used, cor 


Excretion Exeretion Average 
of Iron of Iron xcretion d Daily 
n Stool in Urine ) t , itr Excess 

for Period, for Period ; ntake, Excretion, 
Mg. Mg. Mg. 


g 


68.50 
20.40 
00 
24.60 
33.40 
81.76 
54.12 


nm rose from 51 per cent to 

.40,000 
liver extract, 15.96 mg.; subtracted leaves exce 
under a more rigidly reduced intake 1 higher excretion 
vhich the hemoglobin 
f iron was 


] 
1 


have been obtained 
forty-six days, during 


‘ase 6 was observe: 
to 67 per cent. The excess excretion of 
ge amounts of iron during 


to 


rose from 24 
The elimination of relatively lat 
observation that 


the recent 


oO mye 
ot 
patients 


/ 
nm agrees 
} 


1 ag with 
erosis has been conspicuously absent in the 
r extrac 


+ 


<. 


1\ 


] 
¢ 


OSC 
iC) 


during a remission induced hy 
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IRON METABOLISM IN SECONDARY ANEMIA 


Studies of the serum iron were made on twenty cases of variou 


types of secondary anemia and two cases of polycythemia vera. 


An attempt was made to answer the following questions: 1. Is there 
evidence of iron starvation in certain types of secondary anemia? 2. Does 


Taste 9.—/ron Excretion During 


Total 
Excretion 


Exeretion Exeretion 
of [ron of Iron 
in Stool in Urine 

for Period, for Period, 

Mg. Mg.* 
15.90 

4.16 s.60 

Treatment with Liver Extract 


14.38 
11.84 


16.90 71.28 


Feb. 7-10 
Feb. 11-15 
Feb. 16-20 
Feb, 21-25 
Feb. 26-March 2 


Active Remission 


Average 
Daily 
Excretion, 
Mg. 


Began 


Average 
Daily 
Food Iron 
Intake, 
Mg. 
6.76 
6.45 


March 3-7 
March 8-12 
March 13-17 
March 18-2 
March 23-2s 
Totals t¢ 
* Urine col incomplete 
+ Hemoglobin level rose fron 
1,800,000 to 4,470,000 
Iron in liver extract, 543 mg., § 


ection throughout 

40 per cent to 79 per cent and the red blood cell 
fror 
ubtracted leaves 126.62 mg. excess excretion. 


Total 
Excretior 
of Lror 
for Period, 


Mg 


Average 
Daily Iron 
Excretion, 

Mg 


Feb. 25-March 1 
March 2+ 
March 7-11 
March 12-16 
March 17 
March 22-26 
March 27-Apr 
Totals ¢ 
* Collection of ur 
+ Hemoglobir 
1,000,000 to 30,000 
Iron 


liver extract, 


iron medication influence the level of the serum iron? 3. Is there a re 


tionship between the level of the serum iron and that of hemoglobin 1 


these c ynditions ? 


Iron starvation most likely would be found in patients presenting 
¢ from the gastro-intestinal tract. How- 


~ 


historv of long-continued bleedin 
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er, a large number fail to show it because iron medication or a diet 
h in iron had been used in their treatment. I have studied two cases 
peptic ulcer, nos. 3 and 10, with initial values of serum iron below 
average normal and almost as low as in experimental animals under 


TABLE 11.—/ron Content of the Serum in Secondary Anemuas 


Hemo Fe in 
Red glot 
Date Blood (Sahli), Reticulo 

Pn ae Cells % cytes, % 100 Ce Medication 
Myxedema Sept. 23 3,300,000 52 . 1.94 Thyroid extract 

Sept. 25 »210,000 2 . 7 
Secondary July $ 8,310,000 l 10% solution ferri« 
anemia; July 3 , << 1. ammonium citrate 
vallstones July ‘ 3,310,000 D4 3 three times a day 

Juiy 23 4,500,000 

Aug. } 4,890,000 


Duodenal May { 8,210,000 7) ‘ : “High iror 
ulcer May ° 

May 4,100,000 

May 4,380,000 


Rectal Oct. { ae tasetice Iron medicatio 
bleeding Oct. 3 
Nov. , 
Menorrhagia June 3 4,270,000 32 ‘ E 4 Gm. ferric am 
June } 4,230,000 33 } monium citrate 
June wines daily 
June 4,300,000 


Cancer of Feb. 2 2,950,000 ‘ ‘ None 
cecum ‘eb. 2,590,000 5 


2,310,000 
March 1; 2,630,000 26 . No iron 


June i 1,660,000 2 ; J K% solution of 

July 8 2,700,000 3 } ferric ammoniun 
citrate, 4 cc. three 
times daily 


Cancer of May 2 2,710,000 3 , 33 Iron medication 
stomach June ees as above 
Bleeding April 25 2,780,000 t Began with 50% 
septic April 26  ahaadabes ; : solution of ferri« 
uleer April 27 2,780,000 l ammonium citrate, 
April 2 2,910,000 3 1.§ 8 ec. three times 
May 3 3,220,000 ‘ daily 
May j 8,870,000 3 
May : 4,160,000 


Duodenal May 3,350,000 § : ne Ferric ammoniur 
ulcer May ‘ears § citrate on May, 


May 2 BEES , 20, 1929 
May eee r 
June 3 2,000,000 


Aplastic Jan. { 660,000 16 = 3 Blaud’s pills: 
anemia Jan. 22 640,000 2 transfusions 
Jan. 5 
Feb. 
Feb. neice 
Feb. j 850,000 
Uleer of Feb. 16 1,910,000 ~ 7 Ferrous iodide 4 e« 
stomach March 4 2,700,000 5 ) three times da! 
March 8 ‘ ee 3 diseontir - 
March 15 gnanvwes l fusions Feb. 


Cancer of ‘eb. 1,940,000 1 Transfusion 
stomach ab. 5 2 650,000 ) 
9,980,000 


Iron; blaud’s 
pills 
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similar conditions. The first case gave an initial value of 0.9 mg. an 
the second 0.8 mg., and under iron medication these figures becam: 
normal or above normal. It might be supposed that the serum iro: 
increased as the patient improved, but in other cases an initial high valu 
of iron was found, and besides in the experimental anemia no such 
relationship was apparent. 

Of two patients with polycythemia, one had a high level of th 
serum iron (1.80, 1.75) while under treatment with phenylhydrazine, 
and the other a level much below the average normal (0.86 mg.). Thi 
latter was treated by repeated venesection while on a diet containing a 
minimum amount of iron. These values are interesting but capable of 
anticipation in view of the contrasting forms of treatment utilized. 

In a case of menorrhagia (no. 5; hemoglobin 32 per cent, red blood 
cells 4,270,000) and one of duodenal ulcer (no. 11; hemoglobin 50 per 
cent, red blood cells 3,350,000) for which iron had been given as medica- 
tion, the levels of the serum iron were much higher than normal, thus 
indicating that the iron content of the serum can be materially raised by 


such a procedure. In case 4, the level of the serum iron was raised from 


a normal of 1.09 to 1.33 mg. by iron as medication. 

Of four children with so-called nutritional anemia, two were found to 
have low and two normal levels of the serum iron. They all improved 
without the use of medicinal iron. 

A summary of the data for the cases of secondary anemia is giver 
in table 11. 

COMMENT 


Determination of the iron content of the blood serum may hav 
practical clinical value in all forms of anemia, and various types of 
medication may be studied with reference to absorption by this means. 
It is believed that the color index should be of value in determining the 
necessity for medicinal iron, and in my experience patients with low 
color indexes respond best, and these are most often found to have 
relatively low levels of the serum iron. However, such conditions as 
carcinomatosis, with a low color index, show a high level of the serum 
iron, and in these medicinal iron can have no value. 

It is known, then, that clinical, as well as experimental, iron starva 
tion is reflected in the level of the serum iron, and that feeding iron it 
any form increases this level. This conclusion is based only on clinical 
evidence, for when iron is administered in the experimental anemia 0! 
hemorrhage, regeneration of hemoglobin results immediately. I cai 
find no direct relationship between the level of the serum iron and that 
of hemoglobin, since this is governed by other factors. However, 
might be said that cases of secondary anemia due to iron starvation ar 
comparatively rare, and that the indication for medicinal iron likewis 
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seldom present. Unpublished data in my possession indicate that the 
rm or compound of iron used has no appreciable significance and that 
imal experiments purporting to show this cannot be successfully 
plied clinically. 
[t is not known in what form the iron occurs which is not combined 
s hemoglobin, and Fowell® discussed this problem in his excellent 
study. He believed that minute quantities of imorganic iron are highly 
oxic in the blood stream and assumed that the compound must be in 
either colloidal or organic form. I have analyzed spinal fluid and 


found just an appreciable amount of iron (0.4 mg. per hundred cubic 


centimeters ), hence it might be presumed that the serum iron is partially 
nondiffusible. That it is not in combination with protein is shown by 
the method of precipitating the protein of the serum before making the 
inalyses. It is possible that several compounds are present. The prob- 


lem has interesting possibilities. 


CONCLUSIONS 

1. There is present in blood serum a partly diffusible iron compound 
the estimation of which may be used to determine the presence and 
degree of iron starvation in disease and likewise the effect of iron 
medication, 

2. The amount of serum iron is increased in hemolytic diseases of 
the blood and decreased in the presence of long continued hemorrhage or 
a dietary deficiency of iron. 

3. In pernicious anemia, the level of the serum iron usually is higher 
than normal but becomes normal during remissions in the disease. 

4. A remission in pernicious anemia is accompanied by an increase in 
excretion over the intake of iron, as determined by analyses of stool 

nd urine. 

5. In secondary anemia, one rarely finds as marked iron starvation 

s in experimental hemorrhage in animals on a diet low in iron, and frot 
standpoint alone, the indications for medicinal iron are limited 








THE SIGNIFICANCE OF AN ELECTROCARDIOGRAM 
WITH A LARGE Q IN LEAD 3¥* 


HAROLD E. B. PARDEE, M.D. 


NEW YORK 


The presence of a large © wave in the third lead is frequently 
observed in electrocardiographic records from patients with the anginal 
syndrome. In the majority of these records the ORS group shows left 
axis deviation, though in a few the electrical axis has a normal direction. 
The frequency of the large Q-3, both in cardiac patients in general and 
in those with the anginal syndrome in particular, will appear from the 
following: In a series of 200 cases of heart disease of various sorts 
recorded alphabetically in a file of office patients, 30 showed a diagnosis 
of the anginal syndrome, including both the angina of effort and the 
angina appearing at rest.'. Of these 30 patients with the anginal syn- 
drome 8, or 27 per cent, were found to have a large O wave in the third 
lead. In the other 170 cases 6 such records were found; so that the 
peculiarity in question occurred in patients with heart disease without the 
anginal syndrome with a frequency of only 3.5 per cent. 

In any discussion of the height of one of the ORS deflections one 
must take into account the maximum voltage of the ORS group as 


shown by the amplitude of the largest wave of this group in whichever 


lead this may occur. For example, the current producing a Q wave 
of 3 mm. in lead 3 is a less important part of a QRS group the largest 
excursion of which is an R-2 of 18 mm. than it is of one the largest 
deflection of which is an R-2 of 5 mm. In the first case the QO bears 
only an insignificant relation to the largest current of QRS, while in 
the second case the current producing Q is more than half as large as 
the maximum produced. It became necessary, then, to decide what 
should be considered a large OQ wave. After considerable inspection and 
examination of various records, it seemed that if 25 per cent of the 
maximum excursion of QRS, in whichever lead this appeared, were con- 
sidered as the dividing line between large and small Q waves, ther 
would be little danger of applying the term abnormal to a wave that was 
really normal. In examining the records of fifty-two normal persons, 

* Submitted for publication, Feb. 1, 1930. 

*From the New York Hospital and the Department of Medicine of the 
Cornell University Medical School. 

1. Vaquez, H., and Laidlaw, George F.: Diseases of the Heart, Philadelpl 
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ewis and Gilder * found that the largest Q wave in lead 3 measured 
25mm. The amplitude of Q-3 in this series was always less than 25 
per cent of the amplitude of the largest R of the record. 


Ss 


In addition to a O wave in the third lead that was more than 2: 


per 

cent of the largest excursion of ORS, the records under consideration 

fig. 1) show either left axis deviation of ORS with R-1 greater than 
) 


R-2 or, more rarely, a normal direction of the axis of ORS with R-2 


larger than either R-1 or R-3. Records showing R-3 larger than R-2 


were not included in this study, for Q-3 is a normal feature of records 


showing right axis deviation. In certain records there is a small Q in 








lead 1, and possibly in lead 2 as well; often Q-2 is larger than Q-1 
here is often a fair-sized S wave in lead 1, and when S is absent from 
ead 1 it does not appear in lead 2. The least frequent of these waves 
is S-2 (8 times). The others appear with about equal frequency: 
P] | ; 
()-1, 21 times; S-1, 29 times, and Q-2, 27 times. The most frequent 


ombinations are Q-1, S-1 and Q-2 (11 times), S-1 and S-2 (8 times) 


nd Q-1 and Q-2 (5 times); no QO or S ap ..¢s in either lead in 4 


nstances. 


and Gilder, M. | I The Human Electrocardiogram 


liminary Investigation of Young ) m a Basis for a Patholog 


idy, Phil. Tr. Roy. Soc. London 202:351 (March) 1912 
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The T wave in these records is often normal (63 per cent ot t! 
forty-three studied ) ; either upward in all leads (28 per cent) or upward 


in leads 1 and 2 and downward in lead 3 (35 per cent). It is often 


found upward in lead 1 and downward in leads 2 and 3 (25 per cent 


and occasionally downward in leads 1 and 2 and upward in lead 3 
per cent). One patient (2.5 per cent) had a downward T-1, with 
upward T-2 and T-3; none had a downward T in all leads. It 1s 


interesting fact that of the sixteen patients (see accompanying table 
with a large Q-3 who did not have the anginal syndrome, only one had 


an abnormal T wave (this was downward in leads 1 and 2, and upward 


Frequency 


Large Q-3 Small Q-3 


~ _ 


Anginal syndrome 27 (63%) 
Syphilitie aortie insufficiency 1 
Myocardial fibrosis 
With congestion ‘ 
With arhythmta . | 
Rheumatie heart disease 
Active, with mitral insufficiency 
Aortie insufficiency, with or without mitral disease 
Mitral insufficiency ............ s a 
Mitral stenosis, with or without mitral insufficiency 
Arteriosclerosis with hypertension. 
Hypertension with arhythmia 
Hyperthyroid (enlarged heart), enlarzeemen n percussion and by 
roentgenograms; patient 54 years of age.. : 
Pregnancy, a record after delivery did not show a large Q-3 (normal 
heart) ‘ Gee siete 
Effort syndrome, including the group of cases showing neurocircula 
tory asthenia (normal heart) 
Normal heart 
Congenital heart defect 
Arteritis obliterans 


in lead 3). The greater frequency of inversion of T-2 and T-3 
per cent) as compared with T-1, with or without T-2 (11.5 per cent 
noteworthy 

Through Dr. A. E. Cohn it was possible to review the electrocardio- 
grams of 160 normal soldiers * taken at the Hospital of the Rockefelie: 
Institute. Four records were found with a large Q-3 of a value o! 
25 per cent or more of the largest wave of the ORS group. Tw 
ot these showed right axis deviation of ORS and so were not the type ot 
record here under consideration. The other two were of the tvpe show: 
in figure 1; one of them had slight left axis deviation of ORS and a1 
inverted T-3, while the other showed a normal direction of the electric 
axis with T upward in all leads. Another series of records of sixty-five 
normal hearts, taken at the clinic of the Cornell Medical School, wa- 


> 


3. Cohn, A. E.: An Investigation of the Size of the Heart in Soldiers 


1 
] 


the Teleroentgen Method, Arch. Int. Med 7499 (May) 1920 
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ide available by Dr. A. M. Master. No records witl 
vere found in this group, nor was there any in the fifty-two record 
ewis’ series? which he loaned to me for examination. Thus, 
two records of this peculiar type were found in the 277 records fror 
mal hearts. 

In the course of selecting these records, many were found of the type 
een in figure 2, with a downward deflection in lead 3 followed by a: 
ipward deflection and then another downward deflection, so that in this 
ead the ORS group had somewhat the shape of the letter W. Other 
records were observed in which there was a small upward deflection 





A 


Fig. 2—A, record showing the M type of complex i. 
rds, showing M or W type of complexes 


llowed by a larger downward deflection and then another upwat 


eflection, so that the ORS had somewhat the shape of a deformed letter 
M. In other records the ORS in lead 3 was even more definitely vibra 


ry. All such records were excluded, the only ones considered being 


ose that conformed strictly to the type seen in figure 1, having in lead 


in initial downward deflection (Q) followed by a definite upward 


fection (R), without an S wave. 


For comparative study a g 


- . ° r } - - e 7 
roup of twenty-eight records was selecte 


m the same file, having a small O wave in lead 3 according to the 
rl - > » ; 1 =< , 
bitrary standard used, i.e., less than 25 per cent of the maximun 
ursion of ORS in whichever lead this appeared, but which conforn 








to the other features described for the records with a large Q-3. These 


records (fig. 3) showed either left axis deviation or ORS or a normal 
direction of the axis; they often had an §S in lead 1, but never an §S in 
lead 3. © was present in lead 1, lead 2 or both. Such records wert 
perhaps two and one-half or three times as frequent as those showing 
a large Q-3. 

A comparison of the clinical diagnoses in forty-three cases showing 
a large Q-3 with the diagnoses in twenty-eight cases with a small Q-3 
appears in the accompanying table. It will be seen that 63 per cent of 


the patients showing a large Q-3 were found to be suffering from the 








Four recé 


anginal syndrome, whereas only 7 per cent of those with a small Q-3 had 
this complaint. The pathologic changes underlying the anginal syn- 
lrome are admittedly various, but it is generally agreed that occlusion, 
or at least marked narrowing, of a coronary branch is the most frequent 
cause of 
sion is probably the most frequent cause of the angina of effort. 

review of the other diagnoses in the table reveals syphilitic aortitis wit! 


c insu 


aortic insufficiency, myocardial fibrosis and rheumatic aorti 


1 conditions that might well be associated 


ciency, al 

narrowing. 

twenty-seven with an anginal syndr 

81 per cent of the group with a large Q-3. In this 81 per cent t! 
; 


underlving pathologic process 1s probably the narrowing of a coronar 
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ranch or branches. It one adds together the same types of cases in the 
up with a small Q-3 one has five, or 17 per cent of the total. 


If one selects from the group with a large Q-3 those which showed a 


() wave with a value of 50 per cent or more of the maximum excursions 


the ORS group, there are found to be twenty-two such records 

Sixteen of these patients (73 per cent) suffered from the anginal syn 

rome, and of the other six patients all but one had a diagnosis which 
might well have involved coronary narrowing. These other diagnoses 
were: three with myocardial fibrosis and congestive failure, and one eacl 
with syphilitic aortitis, rheumatic aortic insufficiency and neurocircula 
tory asthenia. This large Q-3 is evidently closely associated with at 
pathologic changes that involve coronary narrowing, and it would seen 
that the larger the O wave in relation to the voltage of ORS, the closet 
is this association. 

Parkinson and Bedford * noted the large Q-3 in a group of patients 
whom they considered to have had a thrombosis of a coronary branch 
[t occurred in nine, or 31 per cent, of the twenty-nine patients whos¢ 
records they published, a figure that is comparable to the 27 per cent 
(eight times in thirty cases of anginal syndrome) which I found in 


slightly different selection of cases. Three of their records showed 


small Q-3, and two cases which at first showed a large Q-3 came to show 
a small one as time and healing progressed (figs. 18 % 19 in their 
article). 

The change from a large to a small Q-3 was also observed in one « 
A boy, aged 9, had had two attacks of rheumatic 


my cases (fig. 4). 
cardiac involvement during the previous three years. He was not 
seriously ill with either of these, but the second attack lasted for nin 
onths, was accompanied by mild chorea and left him with mitral insut- 
ficiency and slight cardiac enlargement. The first record, A, was take1 
e months after the end of the second attack, and the second, B, afte1 
further interval of twenty months, during which he was well and 
uned weight and strength. These cases are of great interest because 
their indication that a record with a small O-3 may at times represent 
‘ healing of a process which might previously have given a record wit! 
irge O-3. On the other hand, records with normal or left axis devia- 
n and a small Q-3 are frequently obtained from it 
loubtedly normal, so that such records cannot by any mez 
ered as having a pathologic significance. 

\nother fact has been observed that cannot be without signi 
understanding the records here described. Ina series of twenty 
ses of rheumatic pericarditis which were collected by Dr. Daniel 

+. Parkinson, J., and Bedford, D. E.: Successive Changes in the 


liogram After Cardiac Infarction (Coronary Thrombosis 


ry 








from the New York Hospital records, six cases have been found with 
It appears that there is 


records of this peculiar type with a large Q-3. 
something about the rheumatic invasion of the heart, perhaps especially 


about rheumatic pericarditis, that gives rise to a ORS group of this sort 

Certain other features related to this peculiarity of Q-3 have a1 
important bearing on attempts to understand its meaning. A ORS i 
lead 3 like that seen in figure 3.4 with a large R and small Q is a commot 
feature of records from normal hearts, and especially of those showing 
right axis deviation of ORS. It occurred twenty-two times in the normal 
series of Lewis and Gilder, many of which indicated right axis deviatio1 





Two records of the same patient: 4, large Q-3, more than 25 per 
; B, record taken eighteen months later showing a small Q-3, less tha: 


ioht 


and twenty-nine times in a series of fiity of my records showing right 


axis deviation. This would suggest that Q-3 is related to the activity of 
the right ventricle. The OQ wave of lead 3 has been related to the activity 

the right ventricle by Lewis on other grounds.® 
Lewis also demonstrated that when the ventricular systole starts 11 
the right ventricle, as it does after section of the left branch of the A-\ 
bundle, or with a right ventricular premature beat, the first portion 01 
The Spread of the Exci in the Vertebrate Heart 


London 207:221 (Marc! 





ORS group is inscribed by electrical currents the success 


tors) of which rotate progressively in a clockwise direction. 
¢S group of records obtained from hearts with preponderant hyper 
phy of the right ventricle (curves with right axis deviation of ORS 
shows a progressive clockwise rotation of the successive 


vectors) of which it is composed. Curves of a co 


1 


in the left ventricle, however, and curves with left axis deviatiot1 


. . + > gol ~] Pe . , ‘ ] nore 0 | wt " : 
XS show a counter-clockwise rotation of the electrical vectors o 


\s has been noted, the records with a large Q-3 here under discussion 


left axis deviation, as a rule, with R-1 larger than R-2, though 11 


4 I 


y C 
Lead ! + 


Lead 2 — 
Lead 3 — 








ing directio 


various directi 


records the electrical axis is in the normal direction with R 
R-1 or R-3. When ORS shows left axis deviation, lead 3 
an R wave followed by an S, as is usual for records with 


lation. Instead of this, » downward deflection is a 
lL by an R, and asa lectrical currents (vect 

the ORS group do not progress in a counter-clockwise 
usual for records with left axis deviation. 

ge ee eee have a clockwise rotation of ti 

J-5 are tound to have a clockwise rotation of the 


natter whether left axis deviation is present « 


rmal direction. This will appear from the 


if 
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If QO is present in all three leads the initial vectors of ORS will lie i: 
sector D of figure 5, for the deflections will be lead 1—, lead 2- 
lead 3—. Usually Q is found only in leads 2 and 3, in which case th 
initial deflection will be some portion of the R wave in lead 1, and sony 
portion of Q in leads 2 and 3, so that the deflections will be lead 1 = 
lead 2—, lead 3—, and the vectors will lie in sector C. 

One comes now to a latter portion of the R in lead 1, approximate); 
the peak. This will correspond approximately to the peak of the R wav: 
in lead 2 and to a later portion of the Q wave in lead 3 or to an R wav 
in lead 3, according to the relative height of the R waves in lead 1 and 11 
lead 2 
lead 3 which will lie in the R wave. If R-1 is greater than R-2, the cor 


> 


responding value would be negative (downward) in lead 3 which will lx 


If R-2 is greater than R-1, there must be a positive value 11 


a portion of the Q wave. Ii the deflections are lead 1 +, lead 2 +, lear 
3—, the vector lies in sector B of the figure, or if lead 1 +, lead 2+. 
lead 3 +, in sector A. This portion of the ORS group usually involves 
the peak of R-1 or of Q-3 and usually develops the largest voltage oi 
the ORS group. In some records Q is found only in lead 3, so that th 
initial deflections are R in lead 1, R in lead 2, and QO in lead 3; th 
values are +, +, — and the vectors lie in sector PB of the figure. it 
such records the initial deflections usually develop the largest voltag 
of ORS. 


The last portion of ORS usually has an S in lead 1, less often ai 


] 
1 2, and always an R in lead 3. The deflections accordingly ar 


S in leac 
either — + or —-+ +, and this places the vectors in sector E ot 
F ot the figure. Occasionally there is no S in lead 1 or lead 2, and 
such records have the last deflections upward (-+-) in each lead, so that 
the vectors lie in sector 4. In records with a ORS of this type th 
largest deflection of ORS lies in this sector. It will be seen, then, that 1 
the ORS group of records with a large Q-3 the currents may develop 11 
various ways. The vectors may be first in sector B and then in F, o1 
first in C, then in B or 4 and then in F or E, or first in B and thet 
lf or EK. Two things are always observed: (1) The direction of rot 
tion of the vectors is clockwise, and (2) the vectors of the largest voltag 
of ORS (the electrical axis of QRS) will usually lie in sector B, thoug! 
sometimes in sector A, indicating left axis deviation in the first case a1 
normal direction of the electrical axis in the second. This clockwis 
rotation of the vectors suggests a predominance of the effect of the rig! 
ventricle during the spreading of the contraction, even though right a» 
deviation of ORS is not present. 

The inversion of T-3 is another right ventricular effect. It is alwa' 
present when the contraction starts in the right ventricle.’ With or wit! 


out inversion of T-2 it is very common (25 per cent) in records showing 





axis deviation of ORS.* The inversion of T-1 and T-2, on the 
er hand, is never found when the contraction starts in the right 
ntricle ° and is very rare (3 per cent) in records showing right axis 
eviation.® In this series of thirty-three records with a large Q-3, twelve 
ecords (28 per cent) had an upward T in all leads, five records 
2 per cent) showed an inversion of T-1, with or without T-2, 
twenty-six records (60 per cent) showed an inversion of T- 
T-3. 
It must be significant that right ventricular effects are suggested by 
clockwise rotation of the vectors of ORS in all of the records with a 
arge Q-3, and that in two thirds of them the T wave is affected as with 
‘ight ventricular premature beats and with preponderant hypertrophy of 
he right ventricle. It is suggested that these features indicate a pre 
dominance of the right ventricle during the spreading of the contraction 
1 these hearts, in spite of their left or normal axis of ORS, and that the 
reason for this peculiarity may lie in a particular sort of damage to the 
leit ventricular muscle. From the clinical studies shown in the table it 


appears that narrowing of a branch or branches of the left coronary 
system is the commonest causes of this left ventricular damage. The 


finding of a large ©-3 in patients with active rheumatic myocardial dis- 
ease suggests disproportionate damage to the left ventricular muscle by 
the rheumatic process. In the patients with hypertension and cardiac 
irhythmia there may possibly have been a complicating coronary arterio- 
sclerosis affecting the myocardium of the left ventricle with the large 
)-3 as its sole manifestation. The explanation of this feature in the 
records from the four supposedly normal hearts in this series lies pos 
sibly in an incorrect diagnosis of normal heart, for two of these hearts 


were shown to be definitely enlarged by the orthodiagraphic tracing. 


It is likely that a better understanding of the causes of this wave would 


fford an explanation that would apply to the normal hearts as well as 
} the abnormal ones. Possibly an occasional cause in normal hearts 
lie in peculiar variations in the branching of the A-V bundle 
lt is important to note the effect of deep inspiration on the waves 
a ORS group of this type. Figure 6 shows lead 3 of four patients 
th this peculiar wave. In the upper three records forced inspiration 
present at the left end and normal expiration at the right end. It 
| be observed that with inspiration the QO becomes smaller and the R 
r, so the form shown could not be considered abnormal. Though 
left axis deviation is abolished and Q-3 made smaller, yet clockwise 
tation of the vectors of QRS still remains. In this connection also it 
important to note that the case (accompanying table) with normal 
irt and pregnancy failed to show a large Q-3 in a record taken ten 


1 


6. Pardee, H. E. B.: Clinical Aspects of the Electrocardiogram, ed. 2, P 


Hoeber, Inc., 1928, pp. 42 and 53 








Fig. 6.—A, B, 


C, the third lead of three patients 


forced 


On 
nh 


full inspiration is pres¢ 
at the left, and normal expiration at the right; D, the third lead of the patie: 
whose records appear in figure 7; forced expiration was present at the left, 
inspiration at the right 





Fig. 7.—A, record with a large Q-3 obtained from a patient with a 
heart during the eighth month of pregnancy; B, record of the same patient ele\ 
months after delivery. 





mths after delivery. Figure 7 shows the record taken during 


g 
incy which is included in this series, and also the record taken at 


very. The long strip, figure 6 D, is lead 3 of this pateint taken or 
the last occasion, forced expiration being present at the left end of the 
record and full inspiration at its right end. The change in the ORS 
luring the inspiratory process is striking, and illustrates well the impor 
tance of the position of the heart within the chest. The first heart cycle 
of this record shows a large Q and a small R much like the lead 3 of the 
record taken during pregnancy. The next five cycles show a ORS 
the M type; the seventh cycle has a notched ORS; the eighth close! 
resembles that of lead 3 taken after delivery (fig. 7 B), while the last 
two cycles show nothing but an R wave—no downward deflection 
Changes in the position of the heart and diaphragm are known to cause 
radical changes in ORS and these changes in position appear to bear 
some special relation to the finding of a large Q-3 in records from certai 
normal hearts. <A high position of the diaphragm seems to favor the 
ippearance of a large Q-3, while a low position is unfavorable. Each 
the two patients in Cohn’s normal series who showed a large Q-3 had 
hearts that were shown by roentgenograms to be more horizontal tha 
the average. 

SUMMARY 

Attention is directed to the occurrence of records showing lett axis 
leviation of ORS or a normal electrical axis, combined with a large 
wave in lead 3, one that is 25 per cent or more of the largest deflection 
4} ORS in whichever lead this may occur. 

The majority of such records are obtained from patients with the 
inginal syndrome, but certain patients with myocardial fibrosis and con- 
gestive failure, certain patients with rheumatic heart disease, especialls 
with pericarditis, and a few with hypertension will give such records 
Certain patients who have cardiac symptoms but no definite evidence ot 

irdiac disease have been found to show this large Q-3, and rarely (twic 

277 cases) such records are obtained from apparently normal hearts 

These records show a clockwise rotation of the vectors of the ORS 
roup, and frequently there is an inversion of T-3 or of T-2 and 
th of these features depend on right ventricular activity, and it 
iggested that the finding of a large ©-3 indicates disease of 


entricle, so that the right ventricle predominates during the 


contraction in spite of the left axis deviation or normal 
of ORS. The effect of diaphragmatic movements on the | 
is noted, and it is suggested that the occasional finding of a 


) 


3 in normal hearts may be » to an unusual distribution of tl 


ranches of the A-V bundle and that a high position of the diaphragn 


be a contributory factor 
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SAN FRANCISCO 


\ttempts to utilize disturbances of carbohydrate metabolism for a 
diagnosis of functional impairment of the liver are not new. But the 
levulose and galactose tolerance tests that are available do not give 
sufficiently uniform results to warrant their general adoption. The 
objections to these sugar tolerance tests as an indication of liver function 
are twofold. The first and real objection is that while sugar metabol- 
ism suffers in certain diseases of the liver, this fact is susceptible of 
consistent demonstration only by group averages. In individual cases 
of even proved diseases of the liver, the results of these tests frequent) 
fall within the limits of normal and minimize their significance. Thi 
second objection is that other organs, such as the pancreas and the hyp: 
physis, also play a prominent part in the metabolism of carbohydrates, 
and therefore any discovered abnormalities of such metabolism may not 
be due specifically to a deficiency of the liver. 

The proposed method of testing the carbohydrate metabolism 
described in the following paragraphs was devised to overcome the first 
objection. The second objection is theoretically more difficult to over 
come, but in practice with a suitable carbohydrate tolerance test at hand 
it should present no greater difficulties in the diagnosis of diseases of th 
liver than one encounters in the diagnosis of diabetes mellitus, in spit 
f the knowledge that other organs besides the pancreas are concerned 


( 
with utilization of sugar. 

The principle of the present test was evolved while we were carrying 
on metabolic studies on a patient having hemochromatosis with diabetes 
and cirrhosis of the liver, in whom fluctuations of great magnitude wer 
observed in the blood sugar level following slight changes in the intak 


* Submitted for publication, F 14, 1930 
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( irbohydrate or the dosage ot imnsulll 

the blood sugar level was ascribed to marked impairment of 
ogenetic and glycogenolytic functions of the liver, and the questi 

se as to whether or not a method could be found to bring out milde: 

ms of a similar impairment in other patients suffering from hey 
ise. Such a method was found in a test whereby three 

the liver are taxed at once, thus bringing out latent deficienci 

ild escape detection if only one function were tested. 


probably offer new possibilities in the functi 


rgans. 


\ review of the literature with this in mind, broug 


e work of Klein,? who observed unusually high an 


‘ls in patients with hepatic disease after simultaneous administ 
dextrose and large amounts of water. He suggested that this might 
be used for functional testing of the liver. The downward fluctu 
‘ the blood sugar level in these cases is accentuated even more by sit 
taneous administration of insulin. 
It may be mentioned here that as early as 1902, clinical 
1, 


the intermediary water metabolism in hepatic disease wet 


that at present the important role of the liver in the regi 


water metabolism is well established by numerous workers 


METHOD 


On the basis of this knowledge, a method was devised con 
the administration of insulin, dextrose and water followed by 
tions of the blood sugar level over a period of three hours. The 
lowing schedule was found to answer our purpose and was adhered 
ll reported cases: In the morning, with the patient f: g, a specimet 
the blood was taken for sugar determina q 


20 units of insulin. Twenty minutes 


lved in 500 cc. of water was given to the pati 


1 Kerr, W. J 


in Therapv 


ex] Path. u. Pharmak 
uf die Wasserausscheidun 
. F.: Wasserl 
307. 1924 
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1,000 cc. of water also administered by mouth. After this two samples 
of blood were taken at intervals of thirty minutes and two more at 
intervals of one hour. In cases in which insulin reactions developed 
during the test, the last sample of blood was taken at the time of the 
reaction regardless of schedule, and the patient was treated for 
hypoglycemia in the usual way. Previous to the test, all patients wer 
kept on a general hospital diet for a period of at least several days. 

The test has been applied to sixty-four patients with and without 
clinical evidence of hepatic disease. Only one of these patients experi 
enced difficulty in taking 1.5 liters of fluids, and in no case did we meet 
with an insulin reaction of alarming severity. 


RESULTS 
In persons without evidence of hepatic disease, we observed blood 
sugar curves similar to that shown in the chart (solid line), which rep- 
resents a composite curve of ten normal tests. It is characteristic of 
such curves that the blood sugar content rises during the first hour of 
the test and then gradually declines, until at the end of three hours it 


is again near the level maintained during fasting. The only difference 


between our composite curve and a normal blood sugar curve after the 
ingestion of 100 Gm. of dextrose is that in the former, the original level 
is reached in three hours instead of two. The same results, namely, 
delayed return of the blood sugar curve to normal, were obtained by 
Sweeney ° in hydrated dogs subjected to the dextrose tolerance test. 

In patients with clinical evidence of hepatic insufficiency, blood sugar 
curves following our test were irregular, falling between the two 
extremes given in the same chart (broken lines). One of these curves 
shows marked hyperglycemia before the terminal hypoglycemia is 
reached and in the other there is an uninterrupted falling off of the blood 
sugar level during the entire duration of the test. However, all such 
abnormal curves have in common the eventual low blood sugar level. 
usually accompanied, as would be expected, by insulin reactions. 

The conclusion from this was that, terminal hypoglycemia under the 
conditions of the test meant injury of the liver. The question immedi 
ately arose as to the dividing line between the normal and the abnormal 
After clinical study of our cases and comparison with other liver func 
tion tests, principally the rose bengal dye excretion test, we decided t 
place it in the vicinity of 70 mg. of sugar per hundred cubic centimeters 
of blood. It is of interest that Hewlett * also gave this figure as the 


lowest normal. 


Sweeney, J. S.: Dietary Factors that Influence the Dextrose Toleran: 
Test, Arch. Int. Med. 40:818 (Dec.) 1927. 
6. Hewlett, A. W.: Pathological Physiology of Internal Diseases, ed. 2 
New York, D. Appleton & Company, 1923, p. 270 
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[he average lowest blood sugar level in fifty-five positive modified 
<trose tolerance tests was 50 mg. The individual readings ranged 
om 23 to 70 mg. but only ten of these patients had a minimum blood 
ar level of over 55 mg. On the other hand, in ten negative tests the 


erage lowest blood sugar was 95 mg., with variations between 73 and 
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Normal and two abnormal blood sugar curves following the modified dextrose 
erance test. The solid line represents an average of ten normal tests. The 
regularly broken line gives our most outspoken hyperhypoglycemic curve. The 
rregularly broken line traces the most marked simple hypoglycemic curve in this 


-2 mg., and only four cases reached a level below 98 mg. Such a wide 


one between positive and négative results is considered in most cases 
ne of the important advantages of the modified dextrose tolerance test 
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The interpretation of differences between various types of abnorn 
blood sugar curves, aside from the final low blood sugar level, is 1 
clear. We do not know whether these are expressions of hepatic insuti 
ciency of various degrees, or whether we are dealing with impairment 
of the entire carbohydrate metabolism-regulating function of the liv: 
in some cases and with dysfunction of glycogenolysis only in others 
We are also unable to correlate these variations with any clinical entit 
involving the liver. 

It is of interest that in positive cases the degree of hypoglycem 
toward the end of the test is little influenced by the maximum height 
of the blood sugar curve, as the following figures will demonstrate: [1 
cases in which the peak of the blood sugar curve was from 140 to 221 


TaBLe 1.—Diseases of the Liver 


Modified Dextrose Tolerance Test Rose Bengal Test 
Num- — on - ~ er 
ber Average Range of Aver. at Range of 
of Posi- Nega in Readings Posi- Nega-16 Min. Readings 
Diagnosis Cases tive tive Mg. in Mg. tive tive in% in ¢ 


Portal cirrhosis re 4 : i” 47 41-55 (144)* 3 Je 55 41-6 
TOES GITROGEIS.«..<.0 000008 5 lt 5 85 70-122 (52)+ 
Syphilitie cirrhosis.. 4 - : 46 40 and 52 
Probably early cirrhosis i 6 : 47 35-66 
Metastatie carcinoma of 

the liver ; 5 D i 52 40-60 
Echinoeoecus eyst of the 

liver Se bceke aes 4 2 45 39 and 50 
Infectious jaundice....... 3 7 48-69 (224)2 
Arsphenamine jaundice... 4 2 ; 4 31 and 67 
Complete obstructive 

jaundice 


* Patient also had diabetes with blood sugar of 157 mg. during fasting 
During the acute stage; later it became negative. 

t Deep icterus in one case precluded the rose bengal test. 

§ Atypically negative, probably due to splenomegaly. 

| Deep icterus in one case precluded the rose bengal test. 
Patient also had diabetes with blood sugar of 162 mg. during fasting 
Rose bengal test omitted due to deep jaundice. 


mg., the average lowest blood sugar at the end of the test was 50.5 
mg.; in cases in which the maximum blood sugar reached between 10 
and 140 mg., it was 48.4 mg., and in cases in which the blood sugar 
curve at all times remained below 100 mg., it was 40.4 mg. 

Diseases of the Liver—Thirty-one cases of hepatic disease wet 
studied with the results shown in table 1. It will be noticed at once that 
in all but one of the twelve cases of portal, syphilitic and suspecte 
cirrhosis of the liver, the modified dextrose tolerance test gave positiv: 
results. The negative results in the single exception were due to 
associated diabetes mellitus with a high blood sugar level at the begit 
ning of the test. The significance of this will be taken up in a discuss 


on limitations of the present test. On the other hand, all five patients 


with toxic cirrhosis of the liver were proved to have normal carbohydrat 
metabolism during the chronic stage of their disease. One of thes 
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tients did show positive results in the modified dextrose tolerance test, 
only when seen during one of her acute attacks. These recurrent 
tacks in the course of toxic cirrhosis are, according to Mallory and 
ers, in the nature of subacute vellow atrophy of the liver. The pres 
vation of normal carbohydrate metabolism in this form of cirrhosis 
the liver is explained by active regeneration of hepatic cells, which, 
wever, in contrast to other types of cirrhosis, do not connect with 
ile channels and therefore are unable to partake in excretory processes.’ 
In seven patients with localized lesions of the liver due to metastatic 
ircinoma and to echinococcus cysts, the modified dextrose tolerance test 
ve uniformly positive results. Likewise, six of seven patients suffering 


om various types of jaundice had impaired carbohydrate metabolism 
Taste 2.—Disease of the Hemopoictic and Lymphatic Systems 


Modified Dextrose Tolerance Test Rose Bengal Test 
Num- - A 
ber Average Range of Aver. at Range of 
of Posi- Nega in Readings Posi- Nega- 16 Min Readings 
Diagnosis Cases tive tive Meg. in Me tive tive } ‘ 


oid leukemia (hepa 
omegaly in all but one 
phoid leukemia with 
epatomegaly 
rnicious anemia with 
ree liver 
ti’s disease with 
patomegaly 
n’s disease with 
rge liver.. 
nomegaly (inarked 
explained). 
yeythemia vera with 
epatomegaly 
\typically negative in patient with marked spleno 
Upper limit of normal. 
Splenomegaly present. 


regulation. The negative results in one case were brought about again 


a complicating diabetes with high fasting sugar content of the blood 


Diseases of the Hemopoietic and Lymphatic Systems.—In all ten 
tients with various afflictions of the hemopoietic or lymphatic systems, 
he modified dextrose tolerance test detected abnormalities of carbohy- 

te metabolism (table 2). In eight of these cases, marked hepato- 
egaly was the chief reason for testing the function of the liver 

Wiscellaneous Cases—In this group shown in table 3 the modified 
lextrose tolerance test was positive in seven patients who had marked 
ultiple chronic infections, such as pulmonary tuberculosis, gonorrheal 


statitis and chronic sinusitis in the same patient. The carbohydrate 
The details of this process with presentation of pathologic material will be 
shed shortly by the senior author under the title, “Functional Aspects of 


enerated Hepatic Tissue.” 
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metabolism-regulating function of the liver was also found to 
impaired in two cases of arsenical dermatitis and in one case of chroni 
interstitial nephritis with ascites and pleural and pericardial effusions 

The test was negative in two cases of arteriosclerosis with hype 
tension, and in one case each of carcinoma of the urethra and uncon 
plicated chronic interstitial nephritis. 

Limitations of the Test—Theoretically, one could expect any abn 
malities of the carbohydrate or water metabolism other than those attril 
uted to the liver to invalidate the modified dextrose tolerance test. Wit! 


Diagnosis 
Multiple chronic 
ons ° 
Arsenie dermatitis y ) land 47 
Chronic nephritis ' l 3 and os 
Arteriosciero 


hypertension j 10 106 and 108 


Carcinoma of urethrs l 1 100 


1 all serous cavities 
t 


passive congestior 


ified Dextrose Tolerance Test Rose Bengal Test 


Average ange of £ Rang 


Read 


48 and s 


patients with and 


er tunction t 
was high at the beg1 
] 


results in the face of 


1de1 


of hepatic disease in two cases. On the other hand, of two patients 


liabetes and a nearlv normal blood sugar level dt 





ALTHAUSEN ET AL—DEXTROSE TOLERANCE TES1 489 


ginning of the test, one had normal and the other impaired carbohy- 
ite metabolism regulation. In both cases there was agreement witl 

rose bengal test. The obvious conclusion is that diabetes per se 
es not interfere with the accuracy of the modified dextrose tolerance 


est, provided there is no marked hyperglycemia at the beginning of the 


Four patients with marked thyroid hyperplasia with basal metabolu 
es between 46 and 85 per cent plus were also subjected to the carbo- 
drate function test for the purpose of testing the possibility of abnor- 
ily low blood sugar levels, being due to increased oxidation of 


r 
Al 


lextrose in this disease. All four patients gave positive results to o1 


test, and although in both cases in which it was done the rose bengal 
test confirmed the presence of hepatic damage, it still remains to be 
shown that negative results to the modified dextrose tolerance test can 
take place in the presence of a high basal metabolism. Indirect proot 
in favor of this is found in the fact that, in a considerable proportion ot 
such cases, the increased metabolism associated with hyperthyroidism 
loes not prevent hyperglycemia with galactosuria following galactose 
olerance tests. Functional impairment of the liver in severe thyrotoxi- 
osis is probably accounted for by focal necrosis of this organ sometimes 
seen at postmortem examination. 

In one case of myasthenia gravis, with diminished dextrose tolerance, 
he modified dextrose tolerance test showed positive results and the rose 
bengal test negative results. Disturbances of carbohydrate metabolism, 
iccording to Gibson and his associates,* are the rule in cases of myas- 
thenia gravis. In addition, this condition is a disease of muscles which, 
is shown by Engels,’ play an important rdle in the intermediate water 
metabolism. Thus we are dealing with an entity in which all metabolic 
functions involved in our test are affected and combine to invalidate its 


lt 
1+ 

Sul 

4iLS 


One patient with diabetes insipidus also showed definite impairment 
| carbohydrate metabolism regulation, but in this case, the rose 

being just at the upper limit of normal made it impossible 

ut study of more cases whether we were dealing with real 

the liver or not. Theoretically, it is quite probable that the di 
ces of water metabolism characteristic of diabetes insipidus, especiall 
frequently present unusual delay in the elimination of extra quantities 
liquids, would interfere with the accuracy of the test. 
8. Gibson, R. B.; Martin, F. T., and Van Renn 

of Progressive Pseudohypertrophic Muscula 

Atrophies, Arch. Int. Med. 29:82 (Jan.) 1922 
9. Engels, W.: Die Bedeutung der G 

Path. u. Pharmakol. 51:346, 
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COMPARISON OF RESULTS OBTAINED WITH THE MODIFIED DEXTROS 
rOLERANCE AND THE ROSE BENGAL TESTS 

In all but seven of our cases the rose bengal dye liver function t 
was performed for comparison. In three of these cases, the presenc 
of deep icterus made it superfluous because in any case of jaundice dye 
elimination is impaired at least in proportion to the depth of jaundice 
We realize that since the rose bengal test is an excretion test, while the 
modified dextrose tolerance test is a metabolic one, agreement betwee: 
the two tests cannot be expected in all instances. On the other hand, 
a confirmation of the results of the modified dextrose tolerance test, 
which is in the experimental stage, by an established test like that « 
rose bengal dye elimination was of great value in this work, especially 
in cases in which, from the clinical point of view, there were no definite 
reasons to suspect damage to the liver. 

In comparing the results of these two liver function tests, we must 
exclude cases of : (1) toxic cirrhosis (in which the very contrast between 
the results of the two tests constitutes a valuable diagnostic aid); (2 
diabetes mellitus with high blood sugar level during fasting; (3 
myasthenia gravis and diabetes insipidus, and (4+) splenomegaly which 
may give false negative results with the rose bengal test, apparently 
because of overdevelopment of the reticulo-endothelial system of the 
spleen which takes an important part in the disposal of dyes used for the 
functional testing of the liver.?° 

It exceeded our most optimistic expectations to find that after elim 
inating cases in which inaccuracy of one or the other of the two tests 
can be predicted a priori, there were only four cases in which the results 
of these liver function tests did not agree. In three of these with diag 
noses of chronic interstitial nephritis, arteriosclerosis with hypertensior 
and carcinoma of the urethra, the modified dextrose tolerance test gave 
negative results. In the fourth, a case of multiple chronic infections 
the rose bengal elimination was normal. Translated into percentages 
this means 91 per cent agreement between the two tests as to presence 


or absence of hepatic damage in all our cases. Moreover, in patients 


with diseases of the liver and of the hemopoietic and lymphatic organs, 
comprising forty-one cases, there was complete agreement in the outcome 
of the two tests. 


PHYSIOLOGIC BASIS GF THE MODIFIED DEXTROSE TOLERANCE TES! 

\ttempts at explanation of the mechanism involved in the production 

of hypoglycemia under the conditions of our test in cases of hepatic 

disease, at the present stage of our knowledge, must of necessity carry 

10. Schellong: Funktionspriifung der Leber oder des reticuloendothelialer 
Systems mit Farbstoffen, Med. Klin. 22:1711, 1926 





to the field of speculation. However, we believe that we are in 
ssession ot sufficient evidence to point out a probable theory. 

[his theory has as its basis the assumption suggested by Klein * that 

iseases of the liver there is slowing of metabolic activity on the part 

ts cells. Insulin which is given at the beginning of the test appa 
promotes oxidation of sugar in the tissues and at the same time 
ds to inhibit glycolysis, in this way bringing about lowering of the 

d sugar level. In addition, the ingestion of a large amount of water, 

ich may or may not gain premature admission to the general blood 

ream in cases of hepatic injury, diminishes the blood sugar content 
further. A parallel to this is described by Epstein,'* in cases in 
hich diabetic hyperglycemia is masked by an increase in blood volume 
normal persons the dextrose ingested during the test seems to le 
lvmerized to glycogen and in turn released as dextrose with sufficient 
apidity to counteract impending hypoglycemia, whereas in patients with 
patic disease this process is sufficiently slowed to permit of reaching 
bnormally low blood sugar levels. 
rhe part played by the glycogen reserve of the liver at the time of 
test is of great importance. The connection between the glycogen 
ntent of the liver and its functional activity is well known. To men 
tion only two examples, a high glycogen conetnt of this organ brings 
ibout faster assimilation of carbohydrates ** and also increases th 
letoxifying power of the liver.** We know that in some diseases of the 
iver its glycogen content is markedly depleted,’* and therefore the possi 
lnlity that this may be responsible for hypoglycemia under the conditions 
the test must be considered. 

On the other hand, without denying that the glycogen content of the 
liver is playing some part in the outcome of the modified dextrose toler 
ince test, it is safe to assert that it is not the only factor involved 
hecause, by giving insulin and water without the dextrose we can pri 
uce hypoglycemia in normal persons in whom the addition of 50 Gm 

dextrose is capable of preventing an undue lowering of the blood 
sug ir level. 

Since this question is important not only from the diagnostic but also 

m the therapeutic point of view, because the answer to it would throw 

Epstein, A. A.: The Influence of Renal Function on Hyperglycemia 
suria in Diabetes Mellitus, Am. J. M. Sc. 154:103, 1917 
2. Staub, H.: Untersuchungen tiber den Zuckerstowechsel des Mens 
f. klin. Med. 93:89, 1922. 
Opie, E. L., and Alford, L. B.: Diet and the Hepatic Lesion 
horus or Alcohol, J. Exper. Med. 24:1, 1915 
Ravdin, I. S.: Some Aspects of Carbohydrate Metaboli 
\. M. A. 93:1193 (Oct. 19) 1929. Umber, I 
phie, Klin, Wehnschr. 1:1585, 1922 
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more light on the combined dextrose and insulin treatment of diseas 
of the liver, we have plans under way to test this combined treatm 
by animal experimentation. 

Other possible theories which were given by Klein,*® who did mu 
fundamental work in this field, seem less probable to the authors 
deserve mention. One of these, based on the work of Lesser,’® accounts 
for the hypoglycemia by an undue hydration of the liver with consequen 
swelling resulting in a separation of the diastatic ferment from the g 
cogen within the individual hepatic cells 

Another theory advanced by Klein is founded on the researches 
Haiisler and Loewi,’*? who claimed have isolated a substar 
“glykamine” which is antagonistic to insulin. In health, these two su 
stances are said to be in equilibrium, but in diseases of the liver t 


‘op] 
4! 


dextrose releasing “‘g 


ykamine” is reduced in amount with a consequent 
I 


tendency toward latent hypogly 
tions of the modified dextrose tolerance t 


Before conclusion of this paper, it seems timely 
remaining doubts that a function of the liver is on trial 
tolerance dextrose test. We know that by our method 


1 


1c 


1 in ¢t Oret 
t 


the part of the liver is being tested, in 
Macleod ** showed that 

the second place, 

‘poglycemia the lowest su 

eS | 


blood but in that of 


givcogenesis 1S 1n 
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of the same author *° showing that dextrose tolerance was not 


reciably influenced when antecedent standardized diets were compared 


uncontrolled general diets. As already mentioned, all tests in the 


sent series were carried out on the stomach during fasting, after the 


nts had been on a general hospital diet for at least several days. 


SUM MARY 


t 


vidence is presented to show the value of the modified dextrose 

rance test as a metabolic liver function test. 

The test possesses the following advantages: (a) It is simple and 
quires no special equipment. (0) It is harmless to the patient. (c) 
nlike the levulose and galactose tolerance tests, it is reliable not only in 
sease groups but also in individual cases. (d) It brings out latent 
inctional impairment of the liver and permits one to follow the progress 
i the disease. (e) It checks well with the results of the rose bengal test. 

\s a metabolic test, it results are probably independent of biliary 
struction. (g) In combination with a dye excretion test, it offers 
iluable diagnostic aid in toxic cirrhosis of the liver. 

The chief limitation of the modified dextrose tolerance test is its 
naccuracy in cases of diabetes mellitus with marked morning hyper- 
glycemia. 

20. Sweeney, J. S.: A Comparison of the Effects of General 
Standardized Diets on Tolerance for Dextrose, Arch. Int. Med. 42:872 (De 


Diets and 
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RENAL DAMAGE FOLLOWING ADMINISTRATION 
OF MERBAPHEN (NOVASUROL) 


REPORT OF NINE CASES * 


DOUGLAS H. SPRUNT, MI 
Sterling Research Fellow 
NEW HAVEN, CONN 

Merbaphen (novasurol) is accepted as a useful diuretic in mai 
cases of edema due to congestive heart failure. Attention has bee: 
called by Marvin? and others to its immediate toxic effect in so! 
cases. That there may be damage to the renal epithelium for as long as 
four weeks after the last injection of merbaphen was mentioned 
Kedlich.2 He reported an instance of damage to the tubular epitheliu 
of the kidney in a patient with tuberculosis who died four weeks afte 
an injection of 1 cc. of the drug. Saxl* immediately claimed that th 
damage to the kidney could not have been due to the merbapher 
hecause of the period of time that had elapsed since its use. He sa 
moreover, that even if the mercury were responsible for the lesions 
it was given under conditions that clearly contraindicated its use. T! 
question of the toxicity of merbaphen raised by Redlich and Mar 
has engaged my interest because of certain experiences which I h 
had 


Among 741 necropsies performed between Jan. 1, 1926, and Dec 
1928, nine instances were found in which the patients received met 
baphen during the clinical course of their illness. In three of thes 
cases, extensive necrosis of the renal epithelium was observed. 


tion is drawn to the fact that in case 1 merbaphen was given 


“} 
circumstances adverse to its use, while in cases 2 and 8, 
which may be considered as counterindications were also present 
the case reports given herein only the points in the clinical histor) 


necropsy observations which seem particularly relevant are summari 


REPORT 


| History.—M. S., 


Merbaphen (Nova 
A. M. A. 87:1016 (Sept 
*ritz: Letale Quicksilberir 
klin. Wehn 
Saxl, Paul: Letale 
Wien. klin. Wehn 
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this time she was under constant medical attention, and her blood pressu 
known to have been elevated. Her condition improved whenever she w 
ned to bed. On admission examination showed the temperature to be 98.4 
the pulse rate 120 per minute, the respirations 22 per minute and the blo 
ssure 153 systolic and 110 diastolic. The patient was dyspneic and edematous 
heart was enlarged. A systolic murmur, heard over the precordium, was 
idest in the apical region. <A diastolic murmur was audible over the lower part 
the sternum. The second aortic sound was accentuated. Moist, crackling rales 
present over the bases of both lungs. The abdomen was distended, and the 


r was enlarged. An ophthalmoscopic examination showed the right disk t 


partially obliterated by a large, white patch. An electrocardiogram revealed a 


bundle branch block. The specific gravity of the urine varied between 1.010 
1.014. During the first week in the hospital, with the patient on digitalis 


erapy, the output of urine was less than one third of the fluid intake. Six days 


iter admission, the patient was given 1 cc. of merbaphen, and three days later 
additional 2 cc. The second dose produced a slight diuresis. Repeated doses 
theophylline, however, produced a diuresis which resulted in the loss of 22 
nds (10 Kg.) in four days. Following this treatment the condition of the 
tient gradually improved until four days before death, when she complained of 
in the right side and began to cough up a bloody sputum. Dulness was found 
r the base of the right lung, and numerous hemorrhages were seen in the 
tina. The temperature rose to 101 F., the leukocyte count to 25,000 cells. Fol 
ving the rise in temperature, an additional dose of merbaphen resulted in bloody 
rrhea. The patient grew rapidly worse, and died thirty-one days after admis 
to the hospital and three days aiter the last administration of merbaphen 
The clinical diagnosis was arteriosclerosis with hypertension and heart disease 
ngestive heart failure, intraventricular block and auriculoventricular block, acute 
rcury and digitalis poisoning and infarcts of the lungs. 
Pathologic Report-—At necropsy, performed twenty-two hours after death, 
kidneys were found not to be enlarged and to present only a few arterioscle 
tic scars. They were bright red and were slightly swollen. Nothing else of 
was observed on gross examination. Microscopically, the kidney showed 
e architecture to be well preserved and well stained, except for the 
nvoluted tubules. The cytoplasm of these cells was extremely granular, 
the nuclei were either pyknotic or missing. No calcification of 
ese cells and no nuclei undergoing mitotic division were observed. The 
1cosa of the small intestine was present throughout. The mucosa of the larg: 
stine was covered with a dull, greenish-black, opaque membrane. When the 
mbrane was removed, the mucosa was found to be pierced by numerous indented 
ts, between which the mucosa appeared bright red and hemorrhagic. Micro- 
pic preparations of the ileum showed only a few small areas of necrosis in the 
osa, while preparations of the colon showed the mucosa to be necrotic in some 
es and to contain hemorrhagic areas in others. The submucosa and muscularis 
ved evidence of edema and a diffuse polymorphonuclear leukocytic infiltrati 
‘he complete anatomic diagnosis was: 

Primary: (a) Necrosis and calcification of the myocardium; cardiac hype: 
hy and dilatation; chronic passive congestion of the viscera; general anasarea 
cardiac ventricular and auricular thrombi; pulmonary and splenic infar 

yf the kidney.4 


+. Mercury poisoning from merbaphen 
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(b) Diffuse pneumonia; serofibrinous pleurisy; arteritis of the pulmonar: 
artery, and cloudy swelling of the viscera. 

Subsidiary: Adenoma of the thyroid, peritoneal adhesions and uterine myoma 

Case 2.—Clinical History.—T. C., a white man, aged 23, a cable operator, w 
admitted to the New Haven Hospital because of swelling of the legs and ankk 
The present illness dated from an attack of pleurisy two years before admissior 
from which the patient recovered and returned to work. Five months later 
had an acute infection of the upper respiratory tract; heart disease was diagnos 
and he was placed on digitalis therapy. Three months later the abdomen beg 
to swell, and a large amount of fluid was removed. Following this treatm 
the scrotum and legs began to swell. He also began to be troubled with hemo: 
rhoids. The lower part of the right side of the chest was flat to percussion, at 
breath sounds were absent. The abdomen was distended with fluid, and the liver 
vas felt 8 cm. below the costal margin. The lower extremities were marked] 
edematous. During the patient’s course in the hospital the temperature varic 
between 98 and 102 F., and the pulse rate between 80 and 130 beats per minute 
He was given 1 cc. of merbaphen on the third day after admission and 2 c 
additional two days later. This last dose produced a marked diuresis. 
specific gravity of the urine varied between 1.010 and 1.014. Twenty-five day 
before death there was, apparently, a thrombosis of the popliteal vein. The patient 
died quietly thirty-five days after admission to the hospital and thirty days aft 
the last administration of merbaphen. 

The clinical diagnosis was undetermined. 

Pathologic Report—Necropsy, performed seven and one-half hours after deat! 
showed a chronic fibrous and proliferative pulmonary tuberculosis. The kidneys 
were found to be of normal size. They were similar in every respect to thos« 
described for case 1. The intestines were remarkable only for some congestion 
of the blood vessels. 


The complete anatomic diagnosis was: 


Primary: (a) Chronic fibrous and proliferative pulmonary tuberculosis (bilat- 


eral superior lobe); pulmonary emphysema; bronchiolectasis (bilateral superior 
iobe) ; tuberculous myocarditis and pericarditis with extensive adhesions; cardiac 
hypertrophy and dilatation; chronic passive congestion of viscera; ascites; tuber- 
culosis of the liver; organizing thrombus in the right auricular appendage, an 
thrombophlebitis of the popliteal veins (bilateral). 

(b) Epithelial necrosis of the kidney. 

Subsidiarv: Recent infarct of the kidney. 

Case 3.—Clinical History.—kK. L., a white man, aged 51, an advertising agent 
was admitted to the New Haven Hospital with the complaint of shortness 
breath and orthopnea of eighteen months’ duration. A diagnosis of arterioscl 
rotic heart disease with congestive heart failure was made. His condition improv: 
slightly with rest in bed, and he left the hospital only to be forced to return 
a few days. Edema gradually increased, and in an attempt to produce diures 
0.75 cc. of merbaphen was administered, and five and ten days later additi 
doses of 2 cc. were given. The last two doses produced a slight diuresis. 1 
weeks later the patient was admitted to the hospital for the third time. The te: 
perature was 98.4 F., the pulse rate was 8&2 and the respirations 32 per min 
The blood pressure was 115 systolic and 90 diastolic. From 20 to 40 per c 
phenolsu!phonphthalein was excreted in two hours and ten minutes. The spe 


gravity of the urine varied between 1.028 and 1.030. The results of other lab 
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were essentially negative. The 
edema gradually increased and 
itient’s last admission to the hospital 
rbaphen. 
e clinical diagnosis was arteriosclerotic heat ise ith congestive heart 
and paroxysmal auricular tachycardia 
gic Report——Necropsy, performed three hours ; r death, showed tl 
to be approximately normal in size were dark red and slightly 
but showed nothing else of note grossly. Microscopic preparations 
showed numerous vacuoles in the glomerular tufts. The remainder « 
except for the cells forming the convoluted tubules, was well stained 
erved. The cytoplasm of the convoluted tubules was pale pink and granu 


of the cells had desquamated into the lumen of the tubules. The 


e cells were either missing or pyknotic, although there were several 


es seen as evidence of regeneration. The intestines showed nothing 
er grossly or microscopically. 
lhe complete anatomic diagnosis was: 
Primary: (a) Fibrosis of the myocardium; cardiac hypertrophy and dilata- 
chronic passive congestion of the viscera; ascites and anasarca; pulmonary 
ectasis (left), and pulmonary emphysema (right). 
Subsidiary: Epithelial necrosis of the kidney; +4 fibrous adhesions of the pleura 
ght); fibrous adhesions of the cecum to the abdominal wall, and cyst of the 
(left). 
Case 4.—Clinical History—S. N., a white man, a 52, a baker, was first 
nitted to the New Haven Hospital with the complaint of dyspnea and swelling 
} 


f the feet. The symptoms began two years before admission, when he was forced 


» give up work. His condition improved with rest in bed, and he was discharged 


om the hospital. Six months later he was readmitted, following an infection of 


upper respiratory tract, complaining again of edema and dyspnea. After rest 
digitalis therapy, he was discharged as improved. He discontinued the us¢ 
digitalis at home, and was readmitted four months after his second discharg« 
m the hospital. At this time the temperature was 98.6 F., the respirations were 
per minute, the pulse rate 80 per minute and the blood pressure 122 systolic 
105 diastolic. The patient was edematous. The liver extended to the 


1 1 


nbilicus. The heart was enlarged, and bubbling rales were heard over the bases 


oth lungs. The amount of phenolsulphonphthalein excreted in two hours and 
minutes was 65 per cent, and the specific gravity of the urine varied between 
and 1.030. In an attempt to relieve the edema, 1.2 cc. of merbaphen was 
and three, nine and twenty-three days later, additional doses of 2 cc. eacl 
administered. All of these resulted in an excellent diuresis. The patient's 


ral condition grew steadily worse, and death occurred on the forty-fourtl 


ifter his last admission and twenty days after the last dose of merbaphen 

he clinical diagnosis was arteriosclerotic heart disease, aortic stenosis and 

estive heart failure. 

tthologic Report——Necropsy, performed two hours after death, showed the 
s to be dark red and slightly swollen but of about average size. Micro 
preparations of the kidney showed the tissue to be well stained and preserved 

pt for the cells forming the convoluted tubules. The cytoplasm of these cells 

slightly granular. The cells in some instances were swollen to such an extent 


lumen was completely obliterated, while in other places the lumina of the 
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months previously edema and dyspnea had appeared. Because of the poor con 


tion of the patient, no further history was obtainable. On admission the ten 
perature was 98 F., the pulse rate was 95 per minute, the respirations 30 and tl 
205 systolic and 125 diastolic. Physical examination showe 
The heart was slightly enlarged, and the 
of the liver was 


blood pressure 
the patient to be dyspneic and orthopneic. 
extremities and abdomen were markedly edematous. The edge 
felt at the level of the umbilicus. Her course in the hospital was steadily retr 
gressive. One cubic centimeter of merbaphen was given four days before deat 
with no diuretic effect. The specific gravity of the urine varied between 1.007 ar 
1.012. The blood nonprotein nitrogen was 89 mg. per hundred cubic centimeters 
The clinical diagnosis was arteriosclerosis with hypertension; heart and kidne 
disease ; congestive heart failure, and syphilis (on the basis of a positive Wasser 


mann test). 
Pathologic Report—Necropsy, performed two and one-hal 


The renal capsule was almost 


f hours after deat! 


showed small kidneys which were swollen and pale 
completely separated from the kidney by fluid. The cortical striations were not 


made out. 
Microscopic preparations showed the typical picture of a chri 
The cells lining the convoluted tubules were well preserved, the cytoplasm 


only slightly granular. The nuclei were vesicular. 


nic nephrit 


C11 


The complete anatomic diagnosis was: 
Primary: (a) Scars of the kidneys; hyalinized glomeruli; dilatation of th 
tubules; hypertrophy and atrophy of the renal epithelium; glomerular adhesions 
cardiac hypertrophy and dilatation; fibrosis of the myocardium; congestion of the 
viscera; anasarca; focal lesions of the pancreas and liver, and acute diffus 
nephritis. 

Subsidiary: Thrombosis of the right ovarian vein; chronic cholecystitis 
pericholangitis, and duodenal ulcers. 

CasE 9.—Clinical History —F. R., a white man, aged 55, had had an a1 
Three weeks 


attack, lasting for fifteen minutes, three months before admission. 
Since 


after this he had a similar attack, which was relieved only by morphine. 
then he had remained in bed. On admission to the hospital the temperature was 
100 F., the pulse rate was 110 per minute, the respirations were 40 and the bl 
pressure 100 systolic and 90 diastolic. The patient was dyspneic < I 
There were edema of the legs, ascites and an enlarged 

ttn 


not improve with hospital care. Death occurred sud 


t 


apparently from occlusion of the coronary artery. He receive 


the day before death. The specific gravity of the 
1.015. 
: “he clinical diagnosis was arteriosclerosi 
and congestive heart failure. 
l logic Report.—Necropsy, performed 
the kidneys were not enlarged and that the arcl 
Microscopic preparations of the kidneys sho 
preserved and the tissue to be well stained. 
tubules had extremely ragged edges, and many 


The cytoplasm was granular, and most of the 
few were deeply stained. 

The complete anatomic diagnosis was: 

Primary: (a) Arteriosclerosis, involving especially 
cardiac hypertrophy and dilatation ; 


thrombi in the ventricles; pulmor 





SPRUNT—RENAL DAMAGE 


COMMENT 
Merbaphen was given in three (1, 2 and 8) of the nine cases reported 
ler conditions which are either known to be adverse to its use or 
ight be so considered (fever, tuberculosis and chronic nephritis). In 
two of these cases (1 and 2) necrosis of the renal epithelium was found 


t necropsy. In case 8 no such damage could be found. Renal damage 


curred in one (case 3) of the six remaining cases in which no known 
unterindications were present. 
That it is impossible to obtain any correlation between the amount 
merbaphen given and the renal damage which occurred is shown 
clearly in the accompanying table. 
If case 1, in which the mercury was given by mistake after a rise 
temperature, 1s ruled out, only two of eight cases remain in which 


Tabulation of Clinical and Pathologic 


Time 
Total Amount Between 
No.of Administered, First Dose 
Doses Ce. and Death 


4tosd 25 days 
5 32 days 
4.75 45 days 
72 44 days 
2% years 

77 days 

25 days 

4 days 

1 day 


there was any anatomic damage to the kidney. It would appear, there- 
ire, from this small series that the therapeutic use of merbaphen to 
produce diuresis is justifiable as a last resort. 


SUMMARY 
The clinical and necropsy reports of nine cases in which the patients 
received therapeutic intravenous injections of merbaphen are given. In 
ne instance, the drug was given in the presence of a condition (fever) 
vhich is known to be adverse to its use. In two cases complications 
tuberculosis and chronic nephritis) were present which may be con 
idered as counterindications. One of these showed damage to the 
al epithelium, and the other did not. Six of the nine cases showed 
change, and the suggestion 1s made that the use of merbaphen is 


ably justifiable. 








PRANSFUSION FROM A GROUP II (A) DONOR 
PO A GROUP IIL (B) RECIPIENT WITH- 
OuUL FATAL KESULT* 


LYMAN BURNHAM, M.D. 


NEW YORK 


This case is reported not only because the transfusion of a group [| 
(.\) blood to a group III (B) recipient has been almost universally 


accompanied by severe reaction or death, but also because serologic 


study of the present case has shown why the usual fatal result did not 


take place. 
REPORT OF A CASE 


Mrs. M. H., aged 35, colored, weighing only 85 pounds (38.6 Kg.), was hos 
pitalized for a pelvic operation. Her chief complaint was lower abdominal pain 
of three months’ duration, especially on the right side. Because of a secondar\ 
anemia of 55 per cent hemoglobin with 3,400,000 red blood cells, a preoperativ: 
transfusion was deemed advisable. The patient’s blood, with the use of the usual 
microscopic method of grouping, was found to belong to group III (B). Her 
husband’s blood was grouped by the same method and appeared to be that of a 
universal donor; that is, it belonged to the Jansky group I (O). Cross-matching 
of his cells versus the patient’s serum appeared to be satisfactory. 

The transfusion was started with the Scannell method. With the idea of pre 
venting, if possible, the headache or dizziness that not infrequently accompanies 
transfusions, the blood was transferred to the patient considerably more slow|) 
than usual. After from 40 to 60 cc. had been given, the patient began to coug! 
occasionally and complained of some oppression in the chest and slight dizziness 
The pulse remained of good quality, the rate being constantly around 90, and the 
patient looked well. The transfusion was continued very slowly until the patient 
complained of pain in the lumbar region of the back, when it was immediate! 
stopped, this being at 200 cc. After from five to ten minutes these symptoms 
entirely disappeared, the patient appeared well, and the transfusion was continued 
slowly. When 400 cc. had been given, the transfusion was stopped entirely 
because of the recurrence of occasional coughing and slight oppression in the 
chest. These syrnptoms, however, did not persist, and there was no recurrence 
of the pain in the back. As the patient left the room to return to the ward, shi 
complained of slight headache but nothing else; the pulse rate was still 90 an 
the pulse was of good quality; the blood pressure was 126 systolic and &5 
diastolic, which was essentially the same as before the transfusion. Immediatel) 
after the transfusion the temperature was 99.2 F., the pulse rate 90 and 
respirations 24; two hours later, the temperature was 101, the pulse rate 94 and 
the respirations 20. This was the only temperature reaction that occurred. \! 
the end of six hours the headache had entirely disappeared. The following 

* Submitted for publication, Jan. 10, 1930. 

*From the Clinic of the Woman’s Hospital in the State of New York, ‘ 
the Division of Immunology, Department of Bacteriology and Immunology, | 
nell University Medical College. 
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tient felt well; the blood showed 70 per cent hemoglobin with 3,850,000 1 
ells, and the urine was free from albumin, sugar and blood cells 


at 


he second day following the transfusion a right salpingo-oophorectomy 
ippendectomy was done, an adnexal mass from 2% to 3 inches in diameter 
an adherent, injected appendix being removed. The pathologic diagnosis 
ovarian abscess, chronic salpingitis and chronic appendicitis, chiefly peri 


ndicitis. The patient made an uneventful recovery, was allowed out of bed 


e twelfth day, and was discharged on the eighteenth d 


’ 


ay after the operation 


Because of the immediate symptoms of reaction, it was thought 
visable to check the grouping of the donor’s blood. This was done 
y the same examiner, with the same method and with the same speci 

mens of test serums. This time the blood of the donor was found to 
elong to a clearcut group II (A) instead of to the universal donor 
group, as was previously thought. This was checked by others, as 
was also the recipient’s grouping. The mistake made in the first group 
ing and cross-matching of the donor’s cells must have been due to the 
use of a very dilute suspension of cells, together with failure to stir 
ir agitate sufficiently the mixtures of widely separated donor's cells 
and test serums. In the hope of finding an explanation for the remark 
ibly mild character of the symptoms, the following further serologic 
study was carried out. 

Specimens of blood were obtained from the recipient on the third 
ind sixth days after the transfusion, and designated specimens 1 and 2, 
respectively. The results of the grouping with the usual test serums 
were different with the two specimens. When tested with group III 
serum (anti-A), specimen 1 showed a few large clumps in the midst 
if a great preponderance of unagglutinated corpuscles; the mixture 
with group II serum (anti-B) showed massive clumping of most of 
the cells with, however, a small proportion of cells lying singly and 
fat. The similar mixtures with specimen 2 showed no clumps in the 
test with group III (anti-A) serum and no flat-lying single cells in 
the test with group II (anti-B) serum. The tests with specimen 2 
lefinitely identify the recipient as a group III individual, and the tests 
with specimen 1 demonstrate the presence of the donor’s group II cells 

small proportion in the recipient’s blood. This method of detecting 
the presence of agglutinable transfused corpuscles has been used before 

Jervell* in instances of transfusion of agglutinable corpuscles in an 
fant lacking both iso-agglutinins and agglutinable substances, and 

lso in an adult under circumstances similar to the present case. 

When the serum of specimen 1 was mixed on the slide with a 1:20 
spension of the donor’s corpuscles at room temperature, there was a 


Jervell, F.: Untersuchungen iiber die Lebensdauer der transfundierten 


Blutk6rperche beim Menschen, Acta path. et microbiol. Scandinayv. 1:155, 
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rapid massive clumping of the cells. This result was surprising 
view of the demonstrated presence of unagglutinated donor’s corpuscles 
in the recipient’s blood. The paradox was explained in the following 
experiment. The same constituents were used but were kept at bod) 
temperature both before and after the mixture was made. Examination 
of this mixture on a warmed slide showed no agglutination until the 
slide began to cool, when complete agglutination took place. Both this 
agglutination on the slide and that which occurred when the mixture 
in the test tube was allowed to cool were resolved on rewarming. 

The foregoing experiments show that the patient’s serum con 
tained no specific agglutinins active at body temperature, but only 
powerful property of agglutinating the donor’s cells at room temperature 
or at a still lower temperature. In view of the well known fact that cold 
agglutinins are usually not group-specific, that is, they act on the blood 
corpuscles of all groups, it was necessary to determine whether th 
strong cold agglutination exhibited by the patient’s serum was due t 
the presence of such nonspecific cold agglutinins, or whether, as is rarely 
the case, the agglutination was caused by the group-specific a which 
was capable of acting only at temperatures lower than 37 C. 

This question was answered by testing the patient’s serum against 
a number of blood specimens of the different groups: twenty-four ot 
group I (QO), twenty-four of group II (A), six of group III (B) and 
four of group IV (AB). In no instance was any clumping observed 
of group I or group III cells, and in every case the group II and grou 
[V cells were strongly agglutinated at room temperature. None of th 
three blood specimens of group II tested at body temperature showed 
agglutination at this temperature. These tests identify the agglutinin 
as the group-specific a acting only in the cold. No similar instance 
has been found in the literature, although the unanalyzed case of 
Jervell may have been of the same nature. 

Landsteiner and Levine? succeeded in demonstrating, along witl 
the common iso-agglutinin, the existence of a fraction of the a iso- 
agglutinin which was incapable of clumping group II (A) cells at body 


temperature. In these experiments the cold a was accompanied by 


usual a acting at body temperature. In a later paper,* a group A serun 
is described in which the 8 iso-agglutinin clumped B cells distinctly 
room temperature but very weakly or not at all, depending on the bl 


cells, at body temperature. 


2. Landsteiner, K., and Levine, Philip: n the Cold Agglutinins in H 
Serum, J. Immunol. 12:452, 1926 

3. Landsteiner, K., and i 
Human Blood Other than Th 


1929. 
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he serum of the patient (specimen 1) was examined for group 
ecific hemolysin for group II (A) corpuscles with and without the 
idition of the donor’s serum. Che protocol of this test is seen in 
table which shows that group-specific hemolysin was absent. 
fhe experiments explain the fortunate outcome of the transtusion 
ie may surmise that the mild symptoms observed during the trans- 
ision were due to some cooling of the transfused blood sufficient to 
use a mild temporary agglutination. In the accessible literature on 
nsfusions I found only one instance of the transfusion of incom- 
itible blood without death. This was reported by Jervell, who trans 
fused 600 cc. of group I (QO) blood and then 600 cc. of group IT (A) 
lood into a group III (B) recipient. He mentioned no immediate 
mptoms but noted urobilinuria and general icterus No serologi 


udv of this case was made. 
Hemolysin in Serums of Recipient and 


) per cent suspensior 
onor’s serum 
itient’s serum 


esulting hemolysis after 
The tests described were repeated in the presence of Philip Ley 


*. Grove and A. F. Coca, the results being confirmed 


SUMMARY 
\ full transfusion (400 cc. into a recipient weighing but 85 pounds ) 
} group II (A) blood into a group III (B) recipient was accidentally 


performed, with only slight symptoms: coughing, oppression in the 


est, slight dizziness and pain in the lumbar regions. 


lhe incompatible transfused blood remained in the circulation of 


he recipient from three to five days. 
The absence of serious consequences was shown to be due to the 
t that all of the group-specific iso-agglutinin a in the recipient's 
‘um was entirely incapable of clumping the group II (A) cells of the 
r at body temperature, although it clumped these cells vigorously 


ON) temperature. 








PARATHYROID TUMOR AND CHANGES 
OF THE BONES* 


I. SNAPPER, M.D. 


AMSTERDAM, HOLLAND 


For some years, views regarding the origin and treatment of cet 


tain diseases of the skeleton have been expanded and improved. The 
following observations on a man aged 56, who had been bedridden for 
several years and whose condition had been diagnosed as osteomalacia, 
will serve in this connection.’ The violent pain which the patient 
suffered defied all methods of treatment. He had given up all hope 
of recovery, and had come to the conclusion that he had an incur- 
able disease. His only desire was that some chair or other apparatus 
could be constructed in which he would be able to rest without too much 
pain. 
REPORT OF CASE 

The patient was married and had a healthy wife and a healthy grown son. The 
somewhat complicated anamnesis showed that the patient had been well until 
1922, when for the first time he noticed stiffness in his legs. In 1924 he fell to the 
pavement, hurting his knees, which became swollen and had to be aspirated. After 
having been in bed for two months he tried to get up, but could walk only wit! 
difficulty with the aid of two canes. He had continual pain in his legs, for which 
he was operated on in 1925. An operation for fractured patella was performed. 
After the operation, walking became even more difficult; the pain increased to such 
an extent that in 1927 another surgeon removed the iron wire with which the 
patella was held together in each knee.. The tendon of the quadriceps muscle was 
sewn at the kneecap, but this afforded no relief. Since 1927 the patient had beet 
unable to walk. By degrees his body became so tender to touch that it was an 
almost unbearable torture for him to have his bed made, and nursing was thus 
almost impossible. A spontaneous fracture of the right thigh-bone which occurred 
in January, 1929, when the patient was being carefully shifted in bed, further con 
plicated his condition. 

It must be emphasized that in 1925 a swelling developed on the top of the right 
foot; this gradually increased in size. The patient, who formerly had_ bee! 
extraordinarily strong and able to lift and push heavy weights, now grew weaker 
and weaker as the severe pains impaired his appetite and his sleep. He became 
emaciated and nervous, although he did not suffer from palpitation or perspiratiot 
He had no cough, and his bowels moved regularly. 

Even without roentgen examination, the diagnosis of osteomalacia or a! 
analogous disease had to be considered, as in a few years the man had diminished 
in size; his back had become curved like a bow, and his thorax compressed. ©! 
the other hand, the lower thoracic aperture was dilated and nearly reached 

* Submitted for publication, Jan. 6, 1930. 

1. Snapper: Verhandl. d. deutsch. Gesellsch. f. inn. Med. 41:183, 1929; Neder! 
tijdschr. v. geneesk. 2:47, 1929. 
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border of the pelvis The thighs were 
tion. The thorax and the legs especially were extremely 


account of this enforced restriction in movement, the 
ially difficult. The heart and 


tender pr 
general cxamina 
lungs, peripheral and central nervous 
ared normal, so tar as they could be examined 


Nothing abnormal 
the abdominal organs. There 


Was 
was, however, exter 


sive pitting edema 
and a great number of leukocytes were present in the urine Phe 
ssure was normal; the blood picture showed no abnormal cells: the Wasse 
st was negative. 

In September, 1928, a roentgen examination had 


inges of the bones (Dr. Heilbron). The 
alcified. 


shown extensive osteomalact 


spine, pelvis and thighs were totally 
The pelvis, for example, had become quite transparent; the natural 








Fig. 1.—Pelvis before operation 


pression had brought about the typical form of 
Che decalcification was less cle arly p 
legs, hands and feet. A 


wedge-shaped osteomalaci 
s ronounced in the arms, lower part of 
nonconsolidated fracture was found on the right 
bone. Although in a great decal 


part otf the skeleton a marked 


cihcatio 
which in many respects reminded one 


of osteomalacia, the definite diag 
It 


osteomalacia seemed doubtful. 


steomalacia, strictly speaking, is a disease which is characterized 
lecalcification of the bones, and it occurs especially during preg- 
\ In children and in male adults extensive decal 
bserved. 


cification can also 
It is, however, inadvisable to consider these as cases of 
steomalacia, because most of these patients a 


ar 


re suffering from 


I il 


malacic end-stages of other diseases of the bones. In the present 
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case, therefore, in which the patient was a man aged 56, pseudo-ost 

malacia seems more probable. From time to time similar decalcifications 
of large parts of the skeleton are met with in cases of dissemination of 
malignant metastases in the bones. This possibility received serious 


consideration in the present case, but a primary tumor was not foun 


Later, during a more extensive examination of the patient, I stum 


on the fact that the blood serum contained an abnormally high an 


of calcium. While, as a rule, the serum calcium of man 1s stable 


fluctuates only between 9 and 12 mg. per hundred cubic centimeters 


li ni ' 


serum, unusually high calcium contents were found on four diffi 


occasions in the serum of the patient, viz., 19, 21.4, 22.8 and once 
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mg. per hundred cubic centimeters. This unduly high serum cal 
m content, hypercalcemia, proved to be the principal landmark which 
to the correct diagnosis. .\ more thorough discussion of the gen 
significance of such a hypercalcemia is therefore indicated 
Increase in the serum calcium is rarely met with, while, on the 


ther hand, decreased serum calcium or hypocalcemia, belongs to 


characteristic features of tetany, which 1s caused by damage to the 


rathyroids. 
If, therefore, hypocalcemia is a symptom of impaired tunction o1 


parathyroids, hypercalcemia, as observed in this patient with so-called 


steomalacia, should point to hyperfunction of the parathyroid 


ts 


During the last decade it has become obvious that a connection exts 
hetween certain diseases of the skeleton and changes in the morphology 
and function of the parathyroids ; the hypercalcemia in this case, there- 
fore, suggested that possibly a hyperfunction of the parathyroids night 
he the cause of the disease. 

In 1904, Askanazy described a tumor of one parathyroid found in 
a case of osteitis deformans, after /rdheim had previously discovered 
an enlargement of these glands in patients suffering from osteomalacia 
Since these reports appeared, the number of cases in which a tumor 
of a parathyroid was found in patients suffering from osteitis fibrosa 
generalisata has steadily grown. In 1925, Hoffheinz collected from the 
literature forty-five cases of parathyroid tumor. Qi these forty-five 
patients, twenty-seven suffered from various diseases of the bones, viz., 
seventeen from osteitis fibrosa generalisata, eight from osteomalacia and 
two from rachitis. From these observations it has become evident that 
in all cases of osteitis fibrosa generalisata or Recklinghausen’s disease, 
the possibility of a parathyroid tumor should be borne in mind. 

Osteitis fibrosa generalisata is characterized by a fibrous degenera 


tion of the bone, accompanied by the formation of cysts. So-called 


Recklinghausen’s disease, therefore, is usually recognized by multiple 


loci of cystic degeneration of the bones. These cysts may be filled with 
brown, semiliquid material, and pseudosarcomatous giant cell growth 
ten occurs in them, especially if they are situated in the distal ends 
| the long shafts. Clinical observation has proved, however, that these 
called giant cell sarcomas, which are so frequently observed with 
teitis fibrosa generalisata, are always benign ; biologically, they are not 
be looked on as malignant tumors. Severe pain originating from 
bone-marrow is seldom lacking, and it complicates the clinical pic 
of Recklinghausen’s disease. Spontaneous fractures are also not 
requent. The anatomic examination proves that this disease is char- 
rized by both too rapid destruction and too rapid construction of 
tissue. The rapid construction, however, gives rise to inferior 
id bone tissue which does not calcify. In the long run, the normal 
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bone is replaced by uncalcitied osteoid tissue; finally decalcification 
so extensive that the clinical symptoms may be identical with th 
of osteomalacia. True puerperal osteomalacia, however, may be di 
tinguished anatomically from this pseudo-osteomalacic end-stage 
osteitis fibrosa generalisata.’ 
It must be mentioned that there is much histologic resemblar 
between Recklinghausen’s disease and the well known osteitis detormat 
Paget with its increase in the size of the scalp and in the thickening « 
the compacta of the long shaft bones. However, in agreement wit! 
the fact that the clinical picture of Recklinghausen’s disease and that 
Paget’s disease are quite different, it » noted that in Reckling 


} 


lausen's disease an adenoma of a par v_ observe 


whereas aget » this tumor 
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to the qu 

or the 


opinion 
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in the caletum content of the skeleton was always observed after oper 

tion. ‘Taking all these observations into account, it is highly probal 

that the parathyroid tumor is the cause of the osteitis fibrosa generalisat 
In the present case it was essential, therefore, to ce ynsider the poss 

bility of a tumor of a parathyroid. 


It had to be borne in mind, ho 
ever, that only osteomalacic changes were found, while nothing was 


known of osteitis fibrosa generalisata. Although parathyroid tumors m 
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he skeleton had been influenced favorabl The two less favorable sympton 


were (1) an obvious exophthalmos, probably caused by manipulation of tl 


thyroid, an excessive amount of thyroid hormone having been pressed into 


circulation during the operation; this symptom could be observed for only tw 
days, after which it gradually disappeared; (2 secretion of urine appeare 


to be disturbed. While at least 


2 liters Ir url was secreted dz i] re t 
operation, only 800 cc. was secreted 

after the operation, in spite of ample 

especially unpleasant in this case, because the patient had 

damaged kidneys. Even before the operation, with rest in bed 

ment the nonprotein nitrogen of his blood was 31 mg. per h 


ind ] 
lundred 
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irbance, which made nursing and feeding difficult, was explained by the rapid 


rease of the calcium content of the serum. The amount of cak 


‘ic centimeters of serum was 


Before operation 
24 hours after operation. 


5 days after operation 


17 days after operation 


hese mental symptoms were apparently signs of impending t 


» 


eters, Chvostek’s symptom, i. e., rapid contraction of the corn 
nd nostrils through percussing the facial nerve in front of the 

bserved for the first time. Five days later, that is, three weeks 
tion, the calcium content had gone down to 6.00 mg. per hundred ¢ 
The patient now lost all count of time and place; he screame 
geht; he hardly recognized his surroundings, and if his osteom 
permitted it, he would have tried to jump out of bed. Clear 
illed for heroic measures. Although the patient had taken 4 


tate daily by mouth, since the operation, this apparently was 


1um per hundred 


etans w he 


ium content of the serum had gone down to 7.2 mg. per hundred cubic 


er of the 
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keep the calcium content of the serum on a normal level. He now rece 


injections of parathyroid extract-Collip subcutaneouly and of a ci 
intravenously.1! The injection of 30 units of parathyroid extract 
the calcium compound twice daily raised the calcium content 
8 mg. per hundred cubic centimeters within three days. The patien 
rsons around him. This treatment proved necessary during % 
veeks. The dosage was 30 units of parathyroid extract daily for tl 


1! 
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was given, on alternate days, 20 units and 10 units, respectively 


he amentia disappeared, and an agreeable euphoria gladdened both 


ulclum compound 
daily and 10 « 
of the serum t 
t hecame quieter 
the patient at 

1 period of tour 


ie first two days 


ollowed by 20 units for four days; for the remainder of the four weeks, the patient 


Che calctun 


ected intravenously twice daily at the beginning of the treatment, and after 


ward only once a day. The calcium content of the serum went up to 9.04 mg 


hundred cubic centimeters after four weeks The injections of parathyrord 


tract and calcium were stopped, and the cak 1 content of the 
the normal level with daily doses of 4 Gm calcium 
ith. The patient improved quickly during 
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the improvement in the calcium metabolism, a calcification of the oste: 
malacic bones cannot also be observed. Mandl first reported that hi 
had observed this in his case. Later, however, he had to admit that 
in spite of the really remarkable clinical improvement in his _ patient, 
roentgenologically only slight changes were noted on the skeleton. Gold 





Fig. 6.—Femur, six months after operation. 


also came to this conclusion. The .\merican authors, however, observ: 
roentgenologic improvement in all their cases. 


When examined a considerable time after the operation, the pel 


of the patient showed little change. In October, 1929, it was still 


real osteomalacic, transparent, wedge-shaped pelvis. An import 
change could be observed, however, in the right femur. The fracture | 


healed with callus formation, and all the bone structures of the fen 
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d become more compact. In February, 1930, the pelvis also showed 
‘tensive recalcification. 
fhe extraordinary and striking arteriosclerosis of the patient remains 
be mentioned. On the roentgenogram one can see the whole arteria 
emoralis appearing like a calcified snake in the muscle mass. On some 
roentgenograms even the ramification of the arteria femoralis profunda 
s to be seen. This gives one the impression that the vascular wall had 
vreedily absorbed the excessive quantity of calcium in the serum 
linical improvement did not change this marked arteriosclerosis ; the 
alcium was apparently firmly embedded in the vascular wall. 
fhe question as to why the calcium content of the serum of this 
patient was so much higher than the amounts which the other authors 
found in their cases of parathyroid tumor with osteitis fibrosa generali 
sata calls for special discussion. While in this patient the calcium 
content in the serum fluctuated between 19 and 23 mg. per hundred 
cubic centimeters, Gold found 13 mg. per hundred cubic centimeters 
Du Bois and Aub 14.5 and 16 mg., Barr 16 mg. and Wilder 11.2 mg 
In order to explain the much greater hypercalcemia in my patient, one 
has to bear in mind in the first place that he had a much more advanced 
case of osteomalacia than did the other patients, in whom more symp 
toms of real osteitis fibrosa generalisata were found. For this reason, 
probably, the decalcification was more pronounced in this patient, and 
thereby, more calcium was dissolved from the bones. In the second 
place, one must also call to mind that the patient had damaged kidneys. 
Many patients suffering from osteitis fibrosa generalisata produce cal- 
cium stones in the kidneys (e. g., Barr’s patient) through large amounts 
of calcium secreted with the urine. Neither roentgenologic nor clinical 
symptoms of kidney stones were to be found in this patient. His 


uria, however, was a sign of pyelonephritis, which may or may not 


1 
I 
} 


ave been calculous, but through which the excretory function of the 
kidneys suffered. This was proved by the nonprotein nitrogen of the 
lood. The nonprotein nitrogen of the blood of 31 mg. per hundred 
ubic centimeters before the operation was too high, when one con 
lers that this patient was then closely confined to his bed and was on 
much restricted diet. During the anxious days of the oliguria directly 
ter the operation, the nonprotein nitrogen of the blood rose to 55 mg. 
hundred cubic centimeters. When the diuresis started again, the 
nprotein nitrogen of the blood did not go down, but remained on 
s level. To make quite certain, the nonprotein nitrogen of the blood 

s reexamined in August, 1929. At that time the patient was exceed- 
well; he had a normal blood pressure and a tremendous appetite 

did not complain of headache or nausea. Notwithstanding this 
neral improvement in health, the urea content of the blood was then 


im. per liter, and the nonprotein nitrogen of the blood 64 mg. per 
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hundred cubic centimeters. In October, 1929, the blood pressure was 
135 systolic and 90 diastolic, and the nonprotein nitrogen 51 mg. per 
hundred cubic centimeters. There was, therefore, a decreased pet 
meability of the kidneys; this is probably one of the reasons why the 
calcium content of the serum rose to an abnormal height. 

It must be emphasized that the impaired kidney function alone can 
not be the cause of the hypercalcemia. This cannot be the case becauss 
(1) after the operation, in spite of the unpaired function of the kid 
neys, the calcium content of the serum went down immediately, and 
(2) in real uremia the figures for the serum calcium never reach this 
level. Therefore, the damaged kidney function can be only one of th 
causes of the abnormally high rate of hypercalcemia. 

When one considers the fact that the calcium of the bone consists 
chiefly of calcium phosphate, it is obvious that a disturbance of the calcium 
metabolism must often involve disturbance of the phosphate metabolism 
Collip has pointed out that if the calcium content of the serum increases 
under the influence of injections of parathyroid extract, the phosphate 
content of the serum decreases. In Wilder's case, the phosphate content 
of the blood was only 1.4 mg. per hundred cubic centimeters ; in Barr’s 
case, 1.4 mg.; in Dubois and Aub’s case, 3.3 mg. and in the present 
case, only 2.1 mg., whereas the normal phosphate content is about 3 mg 
While in Wilder’s patient the phosphates of the blood remained low 
after the operation, viz., about 1.5 mg. per hundred cubic centimeters, 
in my patient it went up to 3.3 mg. five months after the operation. 

Before the operation the phosphate secretion of the patient, on the 
same diet as that used in the examination for calcium, varied between 
880 and 717 mg. daily. After the operation oply from 364 to 3600 
mg. of phosphate was secreted daily in the urine. In Wilder’s case the 
phosphate secretion also went down from 650 mg. daily before the 
operation to 300 mg. daily after the operation. 

In discussing the present case, it has become evident that for ihe 
diagnosis of a parathyroid tumor with an osteitis fibrosa generalisata the 


finding of hypercalcemia is of the greatest importance. One has to 


point out, however, that in Wilder's case the calcium content of the 


serum hardly increased. Once a rate of 10.7 mg. of calcium per hun- 
dred cubic centimeters was found in the serum of the patient, and the 
highest figures found before the operation were between 11.8 and 13.7 
mg. per hundred cubic centimeters. 

On account of the fact that a parathyroid tumor existed in 
case while the calcium content of the blood serum was nearly normal, 
in the future the calcium secretion in the urine, as well as the calcium 
content of the blood serum, will be analyzed in doubtful cases in order 
to avoid the exclusion of a parathyroid tumor, for the sole reason that 


the caleium content of the serum is about normal. 
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Furthermore, stress must be laid on the fact that although tl 


tne Cal 
um content of the serum and that ot 


the urine form important 
ents, clinical experience still remains the chief factor in the ult 


ignosis. 


Cie 


\s a matter of fact, in other diseases a high calcium content 
the blood may be present, for example, in malignant myelomas 
Barr). At the Mayo clinic this has been observed in polyg 
1 it has also once been described in a case of rachitis tarda 
()n the other hand, highly increased calctum secretion in 

th a normal calcium content of the 


und by 


hyaaly 
Dulla, 


Oo 


blood serum, 1s almost cons 


\ub in cases of exophthalmic goiter; a similar condition 
at found in Wilder’s case then arises. In short, diagnostic errors may 
asily occur, and however important the data of the chemical at 
of blood and urine may appear, in t 


t 


] 


LALVSIS 
he diagnosis of a parathyroid tumor 
clinical skill and experience must play an even more important part 

Sometimes the tumor of the parathyroid may be discovered throug] 
palpation before operation ; sometimes, however, 
may be present which is not revealed through palpation (Mandl, Gold 
Wilde 


) 
} 


a parathyroid tumor 


r’s patient had a malignant adenoma of the parathyroid ( Well- 
rock '*). In Du Bois’ case no tumor was 


found even at operation 
Clinical recovery was obtained by the removal of two normal-looking 
parathyroids. 


ty 


t 


The ohguria which was observed in the present case after extirpa 


on of the tumor deserves special mention. Gold also mentioned 
In this connection McCann's 
by injections of parathyroid extract he 
which may be observed also 


oliguria several days after the operation. 
experiments must be recalled ; 


was able to obtain the same diuretic effect, 
ter the administration of thyroid extract to patients with edematous 
kidneys. The hormone of the parathyroid apparently has an influence 
on the physicochemical properties of the tissues. In this way it may 
understood how after removal of the principal source of the para 
roid extract, i.e., the adenoma, in the case reported, the output of 
ine diminished. The patient evidently was accustomed to excessive 
quantities of parathyroid hormone. It took several days before the 
rganism became used to the much smaller quantity of parathyroid hor- 


le secreted by the remaining parathyroids, 

Finally, there is the most important problem, the fact that sever 
ny can arise after removal of a parathyroid tumor 

described how through tetany he lost 


Beck has 
a patient after he had removed 


Barr’s patient also serious tetany 


or of a parathyroid gland.'* In 
12. Wellbrock Endocrinology 13:285, 1929 
McCann, W. S.: Diuretic Action of Parathyroid Extract-Collip in Certair 
atous Patients, J. A. M. A. 90:249 (Jan.) 1928. Hueper, W. C Phe 
etic Action of the Parathyroid Extract, Arch. Int. Med. 44:374 (Sept.) 1929 
4. Beck: Arch. f. klin. Chir. 152:123, 1928 
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developed two days after the operation, and many months afterwat 
she still needed calcium and parathyroid extract. The development o 
tetany after the operation can be explained in various ways. The possi 
bility of an injury to the other parathyroids during the operation is 
obvious. In the present case, however, the right side of the thyroid 
was not exposed. The parathyroids situated at the right side could not 
be injured, therefore, during the operation. The possibility also exists 
that this patient had no parathyroids on the right side, and that imm« 
diately after the operation the only remaining left parathyroid gland 
was not able to regulate the calcium metabolism adequately. Meanwhile, 
if one does not wish to use the unproved hypothesis that the patient 
had no parathyroids on the right side, another possibility may be con 
sidered. After the operation the decalcified skeleton may absorb cal- 
cium from the blood with so much avidity that through this rapid 
absorption the calcium content of the serum descends below the critical 
level, and symptoms of tetany appear; even three normal parathyroids 
would then be unable to regulate this absorption through the skele 
nly a mechanism of this order could explain the symptoms of 

if the patient had normal parathyroids on the right side. In 


case there was a strong argument in favor of this conception ; 


100 units of parathyroid extract were injected daily into his patient 


when symptoms of tetany developed after the operation. In spite of 
these injections, her condition and the symptoms of tetany grew wors¢ 
\t that time this patient had sufficient parathyroid hormone (injected), 
but nevertheless suffered from tetany. Only when calcium chloride was 
injected intravenously at the same time as the parathyroid extract did 
improvement occur. Before the treatment by injections of calcium Barr's 
patient was given 4+ Gm. of calcium by mouth; this oral administration 
had no influence on the tetany. This observation is also in favor of the 
hypothesis that even with sufficient parathyroid function, in other words 
with sufficient parathyroid extract, 
through excessive absorption of 

Parathyroid extract was given 
became precarious. Perhaps tetan) 
if parathyroid extract had been given 
increase of the calcium ] 
parathvroid extract is brough 
bones, an occurrence tl 
without doubt inject calei 
, 


+ > } . ae 
It seems evident that 


exists such a calcium hu 
administration of calciu 
Because there 


thvroid tumor, it 





eration. Regnier'!® made an important observation. He 
a patient with Recklinghat 
giving large doses of irradiated 


obtained 


nsiderable improvement in 


sens Ciscast 


ergosterol. Gold remarked 1n the 
scussion that he doubted the diagnosis of osteitis fibrosa general 


Isata 
Regnier’s case, but Kienbock declared subsequently that there was no 
uubt that Regnier’s diagnosis was correct. Blumgart of Bostor 
noticed improvement in a case of osteomalacia after with 
radiated ergosterol, but he stated that his patient suffered from rachitis 
da. On the other hand 


treatment. 
lf 


_ other clinicians were not successful witl 


Wilder’s patient lived from the end of May, 1927, to May 


ry thy 
ol 


1928, on a diet which contained a great deal of vitamin D 


tr 
Ul 


liet, combined with treatment by alpine light, the patient grew str: 
nd heavier, and the calcium and phosphate balance became positi 
calcium content of the serum, however, did not change 


} 
pain remained the same, 


and 
so that an operation 
formed. The patient described here also took irradiated ergosterol for 
some time before his operation, but without success. It is clear that 
even if a trial of irradiated ergosterol is justified, operation for 


tumor of the parathyroid may still be necessary in many cases 


finally had to be pet 


+} 
Liie¢ 


In conclusion, it may be stated with confidence that the lives of 
patients suffering from osteitis fibrosa generalisata can be saved bv 
removal of the adenoma of the parathyroid. This operation will pro- 
tect them from severe illness of many years’ duration, an illness which 
leads, as a rule, to a cachectic end-stage and ultimate death in violent 


ain 


linally, it must be stressed that special care be taken after opera 
tion to prevent lethal tetany. 


SUMMARY 


lhe following points were noted in a patient suffering from exten 
e decalcification of the bones, combined with violent pain: 


1. The illness began as osteitis fibrosa generalisata. Therefore there 
“isted a pseudo-osteomalacic end-stage of Recklinghausen’s diseas« 
es : : ; 
2. There was a great increase in the calcium content of 


the serum 
e deviation was considered to be ; 


symptom of hyperfunction of th 
irathyroids. 


3. There was a small swelling in the thvroid. 
(n account of these facts, a tumor of a parathyroid gland was sus 
ted, and was found during operation. After extirpation of this small 
or, clinical recovery occurred. 


Fortschr. a. d. Geb. d. R6ntgenstrahlen 39:696, 1929 
Personal ‘communication to the author 








EXPERIMENTAL GASTRIC ULCER 


rH! EFFECT OF iit CONSISTI y Ot THI DIET ON HEALING * 


GORDON FAULEY, M.D 
AND 
IVY, M.D 


HICA 


} 
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Clinical experience and experimental observations indicate that the 


consistency of the diet may have a bearing on the healing of gastric 


ulcers. 

That the physician believes the consistency of the diet 1s an impot 
tant therapeutic item in the management of patients with ulcers 1s show1 
by the fact that a liquid or soft diet, with or without a preceding 
period of starvation, is used in all the generally accepted therapeutic 
procedures. Bolton,’ in his book on “Ulcer of the Stomach,” stated that 
in his opinion “there is no doubt that diet influences the productiot 
and propagation of ulcer of the stomach.” He stated that “excessiv 
amounts of imperfectly masticated, and hurriedly swallowed food of 
‘indigestible’ quality, although alone being unable to produce the initial 
lesion, yet are able to assist in so doing, and in promoting the extensiot 
and delaying the healing of an ulcer of the stomach.” 

The fact that increased motility of the stomach associated wit! 
gastric retention delays the healing of experimentally produced acut 
ulcers of the stomach has been demonstrated by Bolton? Friedman and 


i 


Hamburger,® and Ivy, who produced acute lesions of the stomach in 


dogs with partial pyloric stenosis, although all are agreed that partial 
stenosis per se does not give rise to the initial lesion The relativ: 
hyperacidity and hypernormal secretion associated with partial pyloric 
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nosis may have been a contributing 


ta fundamental one when viewed in the 


t an acute ulcer produced In a Yastric 


gastric secretion healed as quickly as 
sich in which the gastric juice was not retan 
own by Ivy‘ that simple manipulation with the 

the pyloric antrum, in the 


sion of the mucosa of a pouch of th 
cid, delayed the healing of the acute lesion. The same manipu 
solution of hydro 
1 


ition with a cotton pledget soaked in r cent 
bleed 


hloric acid has the same etfect a uupulation, except that 
curs earlier. This demonstrates that a mechanical factor can d 
1 healing of an acute lesion of the gastric mucosa, and _ that 
akes the ulcer more irritable or susceptible to bleeding 


It is an established fact that coars« 


t 


particles of food remain 


stomach longer than fine particles, which 


prolonged motor activity of the stomach and increases the trauma 


obviously results in 


icute lesion of the mucosa. This pronounced 11 


ith pylorospasm 


\lthough the evidence indicates 


at 


consistency of the che has 


an important bearing on the healing of gastric ulcer, we have beet 
unable to find any experimental work bearing directly on this probiet 


Our attention was attracted by the work of Ferguson,> who was 


able by a certain procedure to produce in rabbits a lesion of the gastric 


wucosa which persisted for from two to eight months or longer, and 
a chron 


which manifested the gross and histologic characteristics of 
ilcer. Since it is well known that the rabbit’s stomach is filled « 


uicel 
1 to us that 


stantly with oat hulls and very rough material, it occurred 
ve had at hand a method for studying the effect of the consisten 


- diet on the healing of gastric ulcers 


METHODS FOR EXPERIMENTAL WORK 


thod is to expose the ventral wall o 
h is made through the serosa and mu 


1s separated tron 


lengt 
the region of the pyloric antrum. The mucosa 
2 cm. in diameter is 


indercutting, so that an area of mucosa 2 « n 


s area of mucosa 1s then excised and the muscularis and 


suture. This results in quite uniformly 
diameter, a statemet 
umonia within a 
. Dragstedt, L. |] Contributions 
\. 68:330 (Feb. 3) 1917 
Ivy, A. ¢ Studies on Gastric 
4) 1920 
S Ferguson, \ N - Cyt logical 


Experimental Removal of Lz 
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ine rabbits we produced uicers 1.5 to 2 cm. in diameter on the dorsal 

posterior wall of the stomach. In this operation it was necessary to push the « 
tents of the pyloric antrum back into the fundus, where it was held by a 
tension clamp during the period of the operation. The opening in the ventral 
anterior wall made it possible to excise the piece of mucosa from the dorsal wall 
of the stomach; then the opening in the anterior wall was closed. The mortalit 
from_this procedure was fairly high, about 30 per cent due to intragastric hemor 
rhage, pneumonia or gastric paresis 

he rabbits were fed either a rough diet or a soft diet. The rough diet co 


sisted of the usual stock ingredients; alfalfa hay, oats and 


raw carrots. TI 
soit diet consisted of bread, milk and boiled carrots finely mashed. The rabbits 
to be placed on the soft diet were kept on that diet from one to two weeks prior 
to operation. We found that the stomach of these rabbits at the time of operatior 
usually contained definitely less material than those fed on the hard diet, and 
the contents were more fluid in consistency. Some rabbits did not do well 


this diet and died prematurely, that is, before the thirty day postoperative period 


had elapsed. The rabbits were killed after thirty days, and the stomach was 


examined for the presence or absence of an ulcer, its diameter being measured 


RESULTS 
le Lesion on Posterior Wall—lIn the nine rabbits in which 
lesion was produced by excision of the mucosa of the posterior wall 


rt 


all ulcers were healed in thirty days, five rabbits being fed on the sé 
diet and tour on the rough diet. 

In two of the four on the rough diet, an anterior as well as 
posterior lesion was also produced. In these two rabbits the lesion on 
the posterior wall had completely healed, but in both cases the lesion 
on the anterior wall, which had been closed with silk, had developed 
into a chronic ulcer which had perforated into the liver. 

These results show that the acute lesion of the posterior wall whic! 
contained no silk suture healed in spite of the consistency of the diet, 
and indicate that the silk suture plus the rough diet was the probable 
Cause of the delaved healing. 

In order to test this possibility further, in thirty-nine rabbits we 
made anterior lesions, closing them with a silk suture, nineteen being 
on a soft diet and fourteen on a rough diet. 

On a Soft Diet With Anterior Lesion Plus Silk Suture —Ot the 
twenty-two rabbits used, seventeen lived through the thirty day test 
period, five dying prematurely at two, nineteen, eighteen, twenty-thr 


and twenty-six days, all with ulcers that had not healed. Of 
seventeen that were killed on the thirtieth day, only three had 
Phe scars were easily found, and in some the scar showed a papi 
lomatous-like overgrowth of the mucosa, a rved by Shapi 


Ivy * in their study of ulcer in the rabbit 
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These results show that the silk suture per se is not the cause of the 
laved healing noted in the foregoing and following experiments, 
cause healing occurred on this diet with the silk encapsuled in situ 
1 the scar. 

On Rough Diet with Anterior Lesion Plus Silk Suture.—There 

were twelve rabbits with anterior lesions on the rough diet. When 
illed on the thirtieth day, all had typical chronic ulcers varying from 
>to 8 mm. in diameter. One rabbit that was killed at forty-two days 
showed complete healing. Others kept for longer periods than thirty 
days failed to show complete healing. Fergus a recently showed us 
in uleer made according to his method, the one we used, which had not 
healed in two years. 

These results en the soft and rough diet with the anterior lesion 
show conclusively, we believe, that the consistency of the diet is an 
mportant factor in determining the healing time of the ulcer, provided 
that an additional factor (the silk suture or connective tissue factor ) 
tending to delay healing is present. That the rough diet is not the 
sole factor is shown by the fact that the simple acute ulcer on the 
posterior wall (without the silk) healed in thirty days, irrespective of 
the consistency of the diet. These results also demonstrate that the 
reason why Ferguson was able to obtain chronic ulcers consistently by 
his method was that he used a rough diet in addition to the silk suture, 
which is not absorbed but encapsuled by connective tissue. 

The fact that the amount of healing on the rough diet varies from 
one rabbit to another, is best explained on the basis of a difference in 
the growth capacity of the fibroblasts and mucosal cells in the different 
rabbits, rather than on the basis of the variation in the size of the 
acute lesion. A faster rate of growth and maturity of the connective 
tissue elements would reduce the blood supply to the more slowly grow 
ng and more highly differentiated mucosal cells and hence make it mor 
lifficult for the mucosal cells to cover the defect. The silk, being non 
hsorbable and acting as a foreign body, excites fibroblastic reaction 
the absence of this excessive connective tissue growth, the ulcer 
ils irrespective of the diet. The observations of Dragstedt and 
} 


dog r)\ 


Vaughn on the production of chronic gastric ulcer in the 


ng a number of stitches with silk in the base of an acute 


ulcer 
irther supports this explanation, especially since in some dogs spite 
I I gs, | 


1 
ti 


he suture, the ulcer healed, while in others it became chronic. Th 


igh diet, with the associated augmented motility, renders it difficult 


al 


r the Mucosal cells to obtain a foothold on the base of the ulcer 


0. Ferguson, A. N.: Personal communication to the author 


Dragstedt, L. R., and Vaughn, A. M Gastric Ulcer Studies, Arch. Sure 
1 (May) 1924 
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to establish permanent relations with the underlying capillaries whi 
is their source of nourishment; in other words, we believe that facto: 
which tend to disturb the blood supply or nutrition of the proliferating 
mucosal cells are responsible for delaying healing. 

Role of Gut Suture Versus Silk Suture—lIt is well known that 
silk suture is not absorbed but is encapsulated by connective tissu 
whereas a gut suture, although it causes some foreign body reaction, 
is finally absorbed or causes less connective tissue proliferation. Because 


of this difference an ulcer was produced in the anterior wall, thi 














Fig. 1 (rabbit 51)—A three day lesion showing the 


this one measured 8 by 10 mm 


incision was closed with gut instead of silk, and the 


on a rough diet. This was done in four rabbits, 


in three of the four, typical ulcers were present 
complete healing (no pitting, ulcer defect 1 by 2 mm.) had occurre 
These results show that the gut suture caused sufficient connect! 
tissue proliferation or a sufficient amount of some unknown disturban 


to delay healing. They do not prove, however, that no difference exist 
hetween gut and silk in delaying healing; to settle this 


omt, m 


7 
; 
rabbits must be used and a longer postoperative period allowed 


test peri rd 
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ig. 2—Uleer 7 by 7 mm., silk suture 


he liver in rabbit on rough diet. 
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Fig. 4 (rabbit 66).—Ulcer 10 by 10 mm., silk suture on the anterior 


i rabbit on diet of dry rolled oats 
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Specific Qualities of the Diet—Other factors than the consistency 


the diet must be considered, such as the fat content which inhibits 


t) 


formation of gastric secretion during the early part of the digestive 


riod and the buffer value of the food, or the capacity the food 
ossesses of combining with free acid, and roughage 


TPM! 


We have not as vet performed experiments to analyze the 
ce of all these factors, but we have performed an experiment relative 
the roughage factor. 

Four rabbits were placed on a diet consisting solely of Quick Rolled 


ats in the dry form, which avoided the roughage from the oat hulls, 


hay and lumps of raw carrots. An ulcer was produced in the anterior 
vastric wall as described, the defect in the muscularis being closed 
with silk. When the stomach of these rabbits was opened, the contents 


were found to be as pasty and as dry as that found in the rabbits fed 


6 (rabbit 06 otomicrograph 


leer was the edge nearest the cardia: 


1 the oats and hay diet. An ulcer was found in all four rabbits when 
v were killed at the thirty day period. This shows that a high pet 
ntage of roughage alone is not the only factor operating in the rough 
t, and that the fluidity of the gastric contents is a factor which must 
considered as important. 
Other experiments are under way to test further the fluidity, 
food butter factors. 

COMMENT 
l.very investigator is agreed that simple or uncomplicated acute 
ons of the gastric mucosa of animals heal rapidly and almost with 
failure. Those of us who have done considerable gastric analysis 
normal man, withdrawing the contents by suction, have not infre 
ntly observed streaks of blood and pieces of mucosa in the with 


vn fluid, and without changing the diet in anv wavy have no 
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observed a chronic ulcer to occur. The foregoing statement for ar 
mals is true to some extent, at least, for man. However, given a m 


with a chronic ulcer, or a man with a lesion of the stomach plus t 


factor or factors responsible for the chronicity, our results from expel! 


ments on the rabbit indicate that a soft diet would facilitate the healing 
of the gastric lesion. 
SUMMARY 


\ simple ulcer of the rabbit's stomach (1.5 to 2 em. in diamete: 
produced by excision heals within thirty days, irrespective of the cor 
sistency of the diet. 


Rough Diet Soft Diet 


Days Post L t Days Post Uleer Siz 
operative umber operative in Mm 
0) 15 l ‘omplete healing 
a1) t ' ) ; 2 ‘ 
0 r > ‘omplete healing 
iD ‘omplete he 
0) | ‘omplete hea 
0 ? ri 2 4 
0 l ; ‘omplete hea 
0 ; { ‘omplete hea 
) ‘ ‘omplete hea 
0 1 4 r ‘omplete hea 
) ‘omplete heali 
0 , ‘ 71 ‘omplete healing 
5 ‘omplete healing 
‘omplete healing 
‘omplete healing 
‘omplete healing 


\ similar ulcer, but with a silk suture in its base, will heal if the 
rabbit is fed a soft diet, but will tend to become chronic if the rabbit 
is fed a rough diet We have confirmed Ferguson's * observatiot 
that if an acute lesion is made by his method and the rabbits are kept 
ma rough diet, a chronic: ulcer results in numerous instances. 

The consistency of the diet has an influence on the healing of an 
ulcer of the stomach, if other factors that tend to delay the htaling 
are operating simultaneously. 

These results indicate that in chronic ulcer in man, a soft diet would 
facilitate the healing of the ulcer, which confirms clinical experienc 
and supports the use of a diet of the character of that employed in t! 


generally accepted therapeutic procedures for gastric ulcer 





THE LIFE 


EXPERIMENTS 


rhe life history of red blood corpuscles has fascinated many inves 
itors. A large amount of literature has accumulated regarding 
( evelopment oft red blood corpuscles, one phase ot which concerns cells 
containing basophilic substance or, when supravitally stained, reticulat 
substance and commonly known as reticulocytes. Since Theobald 
Smith ' first suggested that these were voung cells rather than degenera 

e forms of the adult red blood cell, an abundant amount of evidence 

s been presented which indicates clearly that the basophilic substance 

sign of youthfulness. 

Some of the evidence that reticulocytes are less mature than 
basophilic erythrocytes is well founded on multiple observations 
states of anemia in which an increase of reticulocytes in the peripheral 
circulation precedes an increase in nonreticulated erythrocytes. Neve 
theless, little information is available concerning the fate of such young 
cells: the duration of their stay in the circulation, the disposal of the 
basophilic substance and whether they develop into nonbasophilic eryth 
‘ocytes or are destroyed. Without doubt, under normal conditions 
n adult persons any maturation of the majority of these cells must take 
place in the bone-marrow. Indirect evidence favors the opinion that 
reticulated cells which reach the circulation remain for a few davs and 
mature there. Pepper? observed that reticulocytes in rabbits’ blood 
kept in the incubator gradually diminished in number and disappeared 
by the third day. Morawitz and Denecke* stated that if blood is 


illowed to age in vitro, these cells disappear after from one to two days 


Submitted for publication, Feb. 1, 1930 
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1. Smith, Theobald: On Changes in the Red Blood-Corpuscles in the 
us Anemia of Texas Cattle Fever, Tr. A. Am. Phys. 6:263, 1891 
Z Peppe r, O. H. P.: Observations on Vit illy Stainable Reticulation a 
matic Granules in Erythrocytes Preserved it itro, Arch. Int. Med. 30:80 
1922 
Morawitz, P., and Denecke, G andbucl r inneren Medizi1 


Springer, 1926, vol. 4, 53 
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These authors, however, do not suggest this as evidence in regard t 
the duration of the life of reticulocytes in the blood stream. Seyfart 
and Jurgens * noted that the cells with “substantia granulofilamentosa” 
gradually diminished in the blood stream of mouse embryos with 
increasing age of the embryos and continued to diminish after birt! 
Cohn, and Minot and their collaborators ° suggested from their observa 
tions on the reticulocyte response in pernicious anemia following liver 
therapy, that reticulocytes in the blood may not lose the reticular material 
for from five to ten days. 

Observations concerning the direct effect of liver extracts, which 
ire capable of producing complete remission in pernicious anemia, on 
the maturation of reticulocytes in vitro have been essentially negative. 
Vhese observations led to a study of the changes in the number and 
appearance of the reticulocytes under certain experimental conditions 
lhe results of this study had a direct bearing on the life of reticulo- 


cytes after they enter the blood stream and are presented here 


METHODS 


Jlood containing large numbers of reticulocytes was obtained from 
sources: (1) human patients, especially those with cases of pernicious anemia 
the peak of the reticulocyte rise following liver therapy, and (2) rabbits tl 
either had been bled from the ear every other day or had been giver 
phenylhydrazine intraperitoneally. The blood was collected under sterile precau 

tions, placed in a small sterile flask containing glass beads and defibrinated 
gentle shaking. Usually 0.5 cc. of defibrinated blood was placed in a small steril 
test tube, corked and placed in an incubator at 37 ( \s a rule, five such prepa 

ns were used for each blood to be tested 

Smears of blood were made on glass cover-slips and stained supravitally 
rilliant cresyl blue and counterstained with Wright's stain after the metl 
described by Hawes? and Cunningham.’ Thus permanent preparations of stat 
reticulocytes were available for prolonged observation and future reference 
illy, 1,000 erythrocytes were counted, areas on both cover slips being used, 


the reticulocyte percentage was determined 

4. Seyfarth, C., and Jiirgens, R Untersuchungen uber das 
vitalgranulierten roten Blutzellen (Retikulocyten) bei Embryonen 
horenen, Virchows Arch. f. path. Anat. 266:676 (Jan.) 1928 

5. Cohn, E. J.; Minot, G. R.; Alles, G. A., and Salter, W 
f the Material in Liver Effective in Pernicious Anemia: II, 
77:325 (May) 1928 

6. Heath, C. W., and Daland, G. A.: The Basophilic Subst: 
Red Blood Cells: The Influence of Solutions of Different Substanc 


Supravital Staining with Brilliant Cresy] Blue, to be published 


7. Hawes, J. B.: A Study of Reticulated Red Blood Corpuscles by M 


f Vital Staining Methods, Its Relation to Polychromatophilia and Stipy 
Boston M. & S. J. 161:493 (Sept.) 1909. 

8. Cunningham, T. D.: A Method for the Permanent Staining of Reticul 
Red Cells, Arch. Int. Med. 26:405 (Oct.) 1920 
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DECREASE OF RETICULOCYTES IN VITRO At 
\ study of table 1 shows that at 37 C. the number of cells wit! 
ticular substance diminishes gradually over the course of three 


ur days. During the first few days the cells remained in good co 


tion. At the end of four days, especially in the case of rabbits’ | 


here was a tendency to hemolysis, sometimes marked, and the red 


nded to become distorted, so that further observations were not 
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1—A typical example of the 
in vitro at 37 C. over a four day 
rhis decrease of reticulocytes at 37 C. is absolute as well as rela 


because the total red blood cell counts remained constant within 


limits of error during the first seventy-two hours. There is a varia 


in the rate of disappearance of these cells in the different experi 
nts, but there is no fundamental difference to be observed between 
coming from different sources, e. g., between the rabbit and the 
an being, between bled rabbits and those into which injections of 


nvlhydrazine were made and between cases of hemolvtic jaundice 
hydrazin | 1 bet l t 
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and those of pernicious anemia. ‘Therefore, it may be assumed that, at 
least in this regard reticulocytes are of the same general nature m 
matter what the cause inciting their increased output into the circulatior 
If the results of any of these experiments are plotted with the pe: 
centages of reticulocytes as ordinates and the period of time as abscissas 
as in figure 1 (experiment 16, table 1), there results a typical exponer 
tial curve. If this curve is plotted with the logarithms of the reticulo 
cyte percentages as ordinates, the result is a straight line. This typ 
of curve is typical of many simple biologic and chemical phenomena, 


and is characteristic of senescent phenomena. 


Tarte 1—The Decrease of Reticulocytes in Vitro at 37 C. 


Percentage of Reticulocytes* 
Time 
Relative to Start 4 Hrs. . 72 Hrs. 96 Hrs. 120 Hrs 
Ex Peak of Before \fter > After After After 
peri Reticuloeyte Incuba- Incuba- Ineuba- Ineuba- Inecuba- Ineuba 
Diagnosis ment Patient Response tion tion tion tion tior 


Pernicious Ty 1 day before 

anemia J Ty 1 day after 
1 day before 
2 days before 
Day of peak 
2 days after 
2 days after 
1 day before 
Day of peak 
1 day before 


Purpura he 
orrhagica 
Chronie familial 
hemolytie 
jaundice 
Normal 
Rabbits renae 
anemic by 
bleeding 
Rabbits into 
which injeetions 
of phenylhydra 
zine were made 
* The results reported are the averages for the percentages of reticulocytes from five tubes 
n all experiments with the following exceptions: 18 and 21, four tubes; 14, three tubes; 10 and 


s, two tubes; 15 and 22, one tube each, 


DECREASE OF RETICULOCYTES IN THE PLEURAL CAVITY OI 
THE RABBIT 


In order to place the cells under more normal physiologic conditions, 
trom 8 to 10 ce. of defibrinated blood rich in reticulocytes was injected 
into the pleural cavity of rabbits by the following technic: The skin over 
the back in the lower thoracic region was shaved, procaine hydrochlorid 


was injected and the pleura was exposed between the seventh and eight! 


ribs under sterile precautions. At varying periods over the course of 


two or three days, a small needle was inserted into the eighth or nint 
interspace, and a drop or two of the previously injected blood was with- 
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drawn from the pleural cavity. Usually, after two or three days non 
of the injected blood could be obtained. Autopsy at this time revealed 
only a small amount of blood moistening the walls of the pleural cavity 
The viscosity of this blood seemed much increased. Smears of the 
blood showed many large, vacuolated, phagocytic cells. The red blood 
cells were relatively uninjured, and the reticulocytes stained as well as 
after being in the incubator for several days. 

Figure 2 illustrates the decrease of reticulocytes of the blood from 
a case of pernicious anemia (experiment 9, table 1). Samples were 
placed in the pleural cavity of a rabbit and at the same time in test tubes 
which were incubated at 37 C. The curves show a striking similarity 
between the decrease of reticulocytes in the incubator and that in the 
pleural cavity of the rabbit. 

Five experiments of this nature were performed with rabbit's blood, 
with the result that the amount of reticulocytes decreased at a rate 
similar to that of reticulocytes in the incubator (table 1). No especial 


Taste 2.—The Decrease of Reticulocytes at Room Temperature and in the Ice! 


Temper Percentage of Retieulocytes 
Experi ature, - “~ 
nent C 4 Hrs. is Hrs 72 Hrs Hrs 120 Hrs 


0.6 9.4 
20.1 


lsu 14.8 


4 on? 


advantage of this method was demonstrated and it was abandoned 
Phagocytosis of the red blood cells apparently was active in the pleural 
cavity, but reticulocytes were no more rapidly taken up than adult red 
blood cells. Evidence of phagocytosis in smears of blood from the test 


tube experiments has been observed only rarely. 


THE DECREASE OF RETICULOCYTES IN VITRO AT TEMPERATURES 
LOWER THAN 37 C 
Similar test tube preparations of blood with a high reticulocyte count 
were kept in an icebox (10 C.) or at room temperature (23 C.) and 
observed over long periods. Reticulocytes could still be demonstrated 
at the end of six months when kept in the icebox. Pepper ? observed 
reticulocytes in blood preserved in the icebox for one month, and under 


similar circumstances Key ® observed them for sixteen days. 
In table 2 are recorded two of the numerous observations on rabbit’ 


reticulocytes kept at temperatures lower than 37 C. There is no defi 


> 


9. Key, J. A.: Studies on Erythrocytes, with Special Reference to Ret 
lum, Polychromatophilia and Mitochondria, Arch. Int. Med. 28:511 (Nov.) 





HEATH-DALAND—RETICULOCY 


ence that there was any decrease over five or six days. Mar 

reticulocytes developed small granules, taking the brilliant cresyl 
ue stain after being in the icebox for a few days. This phenomenor 

be described presently. Lowering the temperature inhibits th 


rease of reticulocytes which takes place so actively at 37 C 


RELATION OF THE DECREASE OF RETICULOCYTES 

TIVE CHANGES OF BLOOD IN VITRO 
\lthough hemolysis of the red blood cells was slight when blood was 
cubated for a few days and occurred much more slowly when blood 
as kept in the icebox, it is possible that the liberation of hemoglobin 
ay have a significant influence on the decrease of reticulocytes in vitro 
However, this seems unlikely. Pepper *® summarized the inconsistent 
statements in the literature concerning the fragility of reticulocytes, and 
was unable to demonstrate that reticulocytes are more or less fragile 
hypotonic salt solutions than adult red blood cells. There is no con- 
lusive evidence that reticulocytes are more easily destroyed than non- 
reticulocytes, and, in fact, there is some evidence that at least under 

ertain conditions they are more resistant.’ 

In the pleural cavity of the rabbit, while active phagocytosis was 
taking place, it was observed that the reticulocytes of the injected blood 
lecreased at a similar rate to those in the blood incubated in test tubes 
(heretore, reticulocytes are no more easily destroyed by phagocytosis 
han adult red blood cells. 

Whereas there is only a very slight trace of hemolysis in blood incu- 
bated for twenty-four hours, the greatest decrease of reticulocytes takes 
lace during this period. Repeated red blood cell counts of the incu- 
bated specimens performed during the first forty-eight hours varied 
within the limits of technical error. After seventy-two hours ther 
was a slight increase in the number of shadow cells seen in the counting 
hamber but these numbered only 2 or 3 per cent of the total count, 
vhereas the decrease in the number of reticulocytes was of a much 

eater magnitude. If distilled water, up to 0.8 cc., was added to 1 cc. 
whole blood, there was no definite decrease in the reticulocyte per- 
entage in spite of definite hemolysis. When equal parts of distilled 
vater and blood were mixed, there was about a 50 per cent reduction 


the number of reticulocytes, but the reduction of the total number 


Pepper, O. H. P., and Peet, M. M.; 
Arch. Int. Med. 12:81 (July) 1913 


Isaacs, R.; Brock, B., and Minot, G. 


rocytes to Heat, J. Clin. Investigati 
kman, T. E Erythremia (Polycy 


Oct 1923 
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red blood cells was proportionately much greater. These facts see 
to indicate that slight hemolysis, such as occurred in some of the test 
tube specimens, is not a factor in influencing the results of these experi 
ments. The discrepancies in the reticulocyte percentage decrease whic! 
occur after incubation for ninety-six hours may be due to extrem: 
hemolysis. 

\ change in hydrogen ion concentration, which may accompany 
autolytic changes in incubated blood, perhaps may influence the reticul: 
cytes. Gawrilow ’? found that slight changes in the hydrogen ion con 
centration affected the staining of reticulocytes by polychrome-methylene 
blue. This has not been found to be true for the method of staining 
reticulocytes used in this laboratory. Indicator tests of the py values 
of the supernatant serum after incubation of the blood for twenty-four 
and forty-eight hours have shown no significant change. Controlled 
experiments have been performed with cells in contact with large an 
small amounts of serum; this serum has been drawn off and replaced 
hy fresh serum several times a day, without changing the rate at whic! 
the amount of reticulocytes decreased. Because of the possibility that 
there may be local changes about cells which rest compactly in the bot 
tom of a test tube, blood has been automatically shaken in the incubat 
ior several days, but this procedure also had no definite influence 
the rate of decrease of reticulocytes. Cells placed in contact with buffe: 
solution, salt solution and solutions of glycine, alanine or liver extract 
which had different py values than serum, showed no constant diffe 
nce in the rate of decrease of the amount of reticulocytes. 

It appears, therefore, that the decrease in the number 
vtes in vitro is a phenomenon which occurs irrespective of 
la 


hanges taking place in blood in vitro. 


THE TRANSFUSION OF RETICULOCYTES 
\ series of experiments was performed in which citrate 
blood containing from 20 to 30 per cent of reticulocytes was tran 


into normal rabbits. In all cases there was an immediate rise 


twice the initial count, or from about 3 td 6 per cent. 


reticulocyte percentage in the peripheral blood, usually to more tha 
Within fro 


‘ } . - . = = +5 ~ ] > - nrag iv t > 
twelve to forty-eight hours, the reticulocyte percentage dropped 


tl ee t } eS ee Sesatiuen: smammwdie eh 
oward the initial level. No dependable conclusion regarding the 

° - . 7 ) ” } - eemont 
ration rate of reticulocytes can be drawn from these experim: 
ecause the reticulocyte count of the rabbit varies considerabl 


me to time under normal cond is, and also because a relative 





is introduced in counting reticulocytes when they are fe 
rhe influence of transfusion itself on the reticulocyte level is a 
ctor. The results of the experiments, however, are not inconsistent 
the rate of decrease in the number of reticulocytes in incubated 
od or in blood placed in the pleural cavity, and they indicate that 
ticulocytes injected into the circulation are not immediately with 


wn; for example, by phagocytosis or by some organ. 


>h 


HE APPEARANCE OF GRANULES IN THE RED BLOOD CELLS 
Small granules in many of the reticulocytes, and in cells free from 

reticular substance, have been observed in both human and rabbit blood, 

iter incubation and after remaining in the icebox. These granules are 


re pronounced in the cells of the human blood that was studied than 


Basophilic granules in 
iours. Wright's stain; 


anemia at the 


he cells of the rabbit blood. In cells without reticular sul 


Slance 


granules number usually from one to twenty, and sometimes even 


They appear scattered through the cell; sometimes one or two 
be at the periphery. These granules vary in size, are often irregular 


ape and stain with brilliant cresyl blue and Wright's stain (fig. 3) 


times they appear as short rods resembling what Schilling ** has 


ibed as “erythrokonten.” Basophilic rods resembling Schilling’s 


rokonten” have been observed in the unincubated blood from cases 
‘pura hemorrhagica 
” Stabchen in Ervthrocyten 


Krat Kheitsbilde rn, Kit Wehr 
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Pepper * observed similar granules in rabbit’s blood kept on ice. Th 
undoubtedly are not the “chromatic granules’ which he observed 
moist preparations of incubated rabbit’s blood and which he related 1 
the “substantia metachromaticogranulosa’” of Cesaris-Demel.'* TT! 
granules do not resemble Howell-Jolly bodies, or the nuclear particles 
described by Morris,'® and they cannot arise from the nucleus in bloods 
which contain very few or no nucleated erythrocytes. Dr. Raphae! 
Isaacs examined some of the preparations showing these granules, and 
he stated that they were not identical with the granules described !» 
him.*® They were seen in cells from cases of pernicious anemia at t! 
height of the reticulocyte response following liver therapy. In a cas 
of chronic familial hemolytic jaundice, 6 per cent of the red blood cells 
contained such granules. In the reticulocytes of blood incubated fo1 
forty-eight hours, these granules appear in the midst of the reticular 
substance ; sometimes they are present in greater amount than the reticu 
lar substance itself. 

The cells containing granules but not reticular substance (that is, 
strands or net forms staining with brilliant cresyl blue) were counted 
in blood incubated as usual for from three to four days. These counts 
were compared with the reticulocyte counts of the same preparations 
Figure 4 gives data from a case of pernicious anemia in which a com- 
parison is made between the number of cells containing granules onl) 
and the number of cells containing reticular substance. Whereas th 
number of reticulocytes decreased on incubation of the blood, the num- 
ber of cells containing granules increased, and subsequently decreased 
at a slower rate than the reticulocytes. The maximum number of cells 
with granules appeared at different times in the experiments on three 
different days. The significance of this observation will be discussed 
later. 

Similar but less pronounced results were obtained with rabbit's 
blood containing large numbers of reticulocytes. Normal human blood 
with 0.6 per cent reticulocytes, showed only 0.3 per cent of cells wit! 
granules after seventy-two hours of incubation. 


These granules resemble individually the granules in punctate baso- 


philia and the nodal points of the reticular substance seen when stained 
with brilliant cresyl blue. Punctate basophilia is probably of the 


14. Cesaris-Demel: Studien tiber die roten Blutkérperchen mit den Met 
der Farbung in frischen Zustande, Folia haemat. 4:1 (Oct.) 1907. 
15. Morris, R. S.: Nuclear Particles in the Erythrocytes, 
3:93 (March) 1909. 
16. Isaacs, R.: The Refractive Granule Red Blood Corpuscle: 
id Significance, Anat. Rec. 29:299, 1925. 





e as dittuse basophilia which manifests itself as reticular substance: 
stained supravitally by certain dyes. Many authors 
tate basophilia as basophilic substance altered by the 


actio! 
in toxic substances such as lead. 


Because of the appearan 
granules in reticulocytes and their increase with the decreas 


eticulocytes, it is logical to conclude that they arise from ot 


+ 


rm of the basophilic substance o 


nce in freshly d 


f young red blood cells. Their 
rawn human blood containing large 
ulocytes makes it probable that they 


wmmber 
numbers 
appear in 


e development of the red cell 
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er cells should reach maturity in a shorter time than younget 
If it can be shown that older reticulocytes decrease 


faster thar 
ger reticulocytes in the incubator, the result will sugg 


iggest that what 
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occurs in vitro bears a close relation to processes of maturation 11 
blood stream. 

It is exceedingly probable that younger reticulocytes contain larg: 
amounts of reticular substance than older reticulocytes. The signi! 
cance of different types of reticulocvtes has been commented on }) 
lee, Minot and Vincent.** Seyfarth and Jurgens* studied the bloc 
of mouse embryos and noted that with the increasing age of the embryos 
the number of red blood cells with a “thick, knotted form of substantia 
granulofilamentosa” diminished, while that of the cells with “speckle 
or net form” and cells without basophilic substance increased. 

Gawrilow ** divided reticulocytes into cells of three ages: 
youngest are those with heavily constructed reticular substance; 
intermediate type is recognized, and the most mature cells are tho; 
with isolated threads or granules. In anemia produced in guinea-pigs |) 
the injection of phenylhydrazine, he found that as the number of reticu 


Types of Reticulocytes in a Case* of Pernictous Anemia D 


Reticulocyte Response 


urin 


Cells Containing Reticular Substance 


Cells with Cells with Cells witl 
Time Relative to Peak of Large Amount, Medium Amount, Small Amount 
Reticulocyte Response per Cent per Cent per Cent 
‘Two days before peak. 28.5 54.0 17.5 
Day of peak.... 13.0 64.9 22 0 


Two days after peak 6.5 60 3.0 


1, experiments 4, 5 and ¢ 


locytes increased they were mostly of the heavily constructed type; 
the peak of the rise the majority were of the intermediate type; late: 
most of them contained only isolated threads or granules. 

In several of the cases of pernicious anemia, before, during 
after the reticulocyte response due to liver therapy, a quantitative ditte: 
ential count of the reticulocytes was made. The reticulocytes w 
classified according to three types, those having large amounts 
reticular substance, medium amounts and small amounts. All thi 
tvpes are present at the same time, but early in the reticulocyte respons 
nore cells have large amounts of reticular substance, whereas 
more cells have small amounts of reticular substance. In table 3 
wiven the percentages of cells in each of these three classes from 


blood of a patient with pernicious anemia two days before the peak 


Lee, R. I.; Minot, G. R.,. and Vincent, B.: Splenectomy in Pernict 


nia, J. A. M. A. 67:719 (Sept. 2) 1916 
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Gawrilow, R.: ll 


Experimentelle Untersuchungen iiber das Verhaltnis 
schiedener Retikulozytenformen zueinander bei akuten Anamien, Folia 


38:246 (June) 1929 
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\ study of the reticulocytes from a case (table 1, experiments 


anemia during the reticulocyte response to liver theray 


pernicious 
blood cell count: 1,000,000 per cubic millimeter. A shi the 
of reticulocytes in the blood of the patient following treatment. 
from this patient, taken two day fore the peak (a), at the peak 
days after the peak (c), wz at 37 in test tubes 
1 


t comparison the initial level of reticulocyte percentage 


is considered as 100 per cen 
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the reticulocyte response, at the peak and two days after the peak. 
Figure 5 4 shows the reticulocyte response of this patient and records 
at what three times the quantitative differential count of the reticulocytes 
was determined. 

\t the same times blood was also taken for incubation at 37 ( 
rhe rate of decrease of the reticulocytes in vitro was determined fo1 
each of the three days and is shown on figure 5B. They decreas 
in vitro slowest when they were increasing in the peripheral blood, or 
when the majority of the cells had large amounts of reticular sul 
stance. Furthermore, they decreased fastest in vitro when the majorit 
of the cells had small amounts of reticular substance, or when th 
number of reticulocytes in the patient’s blood stream had begun t 
decrease. In addition, there seemed to be a definite relationship betwee: 
the rate of decrease of reticulocytes in incubated blood and the rate at 
which cells containing granules increased (fig. 4). 


Reticulocytes 


enita 


Cells Containing Reticular Substance 
Cells with Cells with Cells with 
Large Amount, Medium Amount, Small Amount 
Period of I 1 at 37 C per Cent per Cent per Cent 
Start. 28.5 54.0 
4 hour 12.5 59.0 
48 hou .D 0.0 
72 hou 4.0 51.0 
% hour 1.0 36.0 


1, experir 


\ similar quantitative division of the reticulocytes was perform 
on many bloods incubated at 37 C. During the period of 
and while the total number of reticulocytes was diminishing, 
centages of reticulocytes containing large amounts of reticular substanc 
decreased while those containing small amounts increased. Further 
more, while reticulocytes were disappearing from the blood in vitro 
reticular substance of those remaining was changing to a more matu! 
form. An observation of this sort is given in table 4. 

If blood is centrifugated, the reticulocytes tend to accumulat 
the top layers of cells. This knowledge was utilized to separate 
less mature reticulocytes, that is, those containing large amounts 
reticular substance, from the more mature reticulocytes or those « 
taining small amounts of reticular substance 

Table 5 gives data which show that there is an accumulatio: 
reticulocytes in the upper portion of a column of cells. In addit 


there is a slightly greater percentage of reticulocytes containing 


amounts of reticular substance in the upper than in the lower part « 


centrifugated specimen. Studies of the rate of decrease in vitr 





«cytes taken from the three 


t is to be expected; namely, a 
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specim 
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Phese experiments seem to indicate a direct 


( reticulocytes and the pe riod oft 
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period 


lated erythrocytes, in a 
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has aroused a great deal of 
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answered: | 
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evelop into mature erytl 


xample, as foreign bodies? 
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sooner and will be higher than if the same amount is divided int 
small doses which are fed over a long time. Further studies on tl 
nature of reticulocytes in pernicious anemia under such varying cond 
tions of response have been made and will be reported in a separat 
communication. Some of the results of these studies throw an inte1 
esting light on the problem of the life of reticulocytes and will ly 
summarized here. 

Varying grades of responses have been obtained in this clinic 
the administration of experimental fractions of liver extract or 0! 
material the potency of which was to be tested. In a series of sixtee: 
cases, in which the initial red blood cell level was between 1,000,000 
and 2,000,000 per cubic millimeter, the reticulocytes were studied esx 
cially in relation to the amounts of reticular substance which they coi 
tained, or, in other words, in relation to their age. It was found that 
the reticulocytes in those cases which had a maximal response tended 


TaBLe 6.—The Three Types of Reticulocytes in the Blood of Patients 
Pernicious Anemia Two Days Before the Peak of the Reticulocyt 
Response to Liver Therapy: Maximal and Submarimal 


Responses 


Average Percentages of Cells 
Containing Reticular Substance 
Percentage of - - A— — 
Maximal Cells with Cells with Cells wit! 
Reticulocy te Large Medium Sr ] 
Number of Cases Response {mount Amount 
17 to 45 7.0 58.4 


100 20.5 | 


to be of a considerably younger variety than those which had a sul 
maximal response. This was especially true of the reticulocytes present 
two days before the peak and at the peak of the reticulocyte respons: 
Table 6 gives the average figures of four cases which had a maxin 
response, and of four other cases which had a response of less th 
half the maximal. The maximal response for each erythrocyte concet 
tration was estimated from data given by Minot and Cohn and th 
collaborators.” 

In one case in which a submaximal response was first obtained, 
was followed later by a maximal response due to the feeding of 
potent material, the reticulocytes during the first response were 
mature than those during the second response. 


One case (that reported in table 1, experiments 4, 5 and 6) | 
been studied from many different angles and is of especial interes 


This case, in which a maximal response was obtained, showed a pron 


} 


reticulocyte rise to a peak followed by a rapid drop to a low percentag 


>= 


in four or five days. The reticulocvtes were studied in vitro at 37 


by the usual technic. The rate of decrease in the absolute 





reticulocytes in vitro corresponded remarkably closely to the rate of 
crease which was observed in the patient. In other cases, however 

»f reticulocytes was usually slower, but never fastet 
n was to be expected from the rat f 


te oO! 
vitro. 


rate of decrease « 


decrease that was observed 
This may be due to the fact that a small concentration of new 
ly mature reticulocytes e1 


I 


elative iters the circulation following the peak 
the reticulocyte responses. 

In the same case the total number of new adult red blood cells which 
ere present in the circulation one day following the peak of the 
iculocyte response bore a close relation to the number of new adult 
blood cells which could have been formed from maturing reticulo 
tes as determined by the experiments in vitro. 


These observations are evidence that the life of reticulocytes in th 
irculation of patients with pernicious 
the life of these young cells in 


1 vitro 


anemia 18 of a similar duration 


SUMMARY AND COMMENT 


been shown that reticulocytes exist when incubated at 


from one to about five days. 


37 ( 
They remain for a very much longet 
1¢ when kept in the icebox or at room temperature. 


tes lose their reticular substance and 





That the reticulo 


1s 


1 become adult erythrocytes ] 
own by the fact that the total number of red cells in the incubated 


pecimens of blood does not diminish as the reticulocytes disappear 
vidence is presented to show that this must be the case in the blood 


ream, at least of patients with pernicious anemia at the time 


of the 
ticulocyte response following liver therapy 


t 


[t is never possible to do more than to assume that there is a direct 
logy between in vitro and in vivo phenomena. By placing reticulo 
tes in the pleural cavity of rabbits, by the transfusion of reticulocytes 
observations on patients, an attempt has been made to 


i 
1) 


reach 
clusions based as nearly as possible on physiologic conditions 
hether the maturation of reticulocytes in the blood stream is the sat 
the maturation which takes place normall) 


rrow is difficult to determine. 


in great part in the bon 
A few reticulocytes are found in thi 
in health, and at birth considerable numbers are often present 
vould be peculiar if they were destroyed as fast as they entered th 
is known that the bone-marrow 
mn\ elocytes growth in t 
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lt has been demonstrated that reticulocytes have a definite oxygen 
consumption whereas adult erythrocytes have only a very slight oxygen 
onsumption.** There is, then, perhaps a direct analogy between thi 
maturation rate of reticulocytes and the rate of senescence or deat! 
curve typical of many simple biologic and chemical phenomena. Th 
development of the reticulocyte into the adult nonreticulated erythro 
yte may be a true senescence or death. In favor of this is Denecke’s 
suggestion that the juvenile erythrocyte is not such a useful carrier oi 
oxygen as the adult erythrocyte since it requires oxygen itself. 

\ problem of additional interest is the disposal of the basophili 
substance which has disappeared from the young cell in the course oi 
its maturation. It is probable that the basophilic substance diminishes 
gradually in amount as the cell reaches maturity. The observation oi 
the increase of granules in erythrocytes with the decrease of reticulocytes 
suggests that this is a normal occurrence in the maturation of reticulo 
cytes. The consumption of oxygen by the reticulocytes leads to th 
possibility of the disposal of the basophilic substance by normal catabolic 
rrocesses. 

t would be impossible to state definitely the duration of life of the 
reticulocytes in any one specimen of blood because of the many different 
ages represented. Reticulocytes containing large amounts of reticular 
substance probably mature into adult erythrocytes within from four t 
six days, whereas those containing small amounts of reticular substance: 


probably mature into adult erythrocytes within from a few hours to 


several days. At all events, it seems evident that progressive cha 


oward senescence occur in the circulating reticulocytes. 


CONCLUSIONS 
Reticulocytes in vitro at 37 C. and i1 » pleural cavity of 
a regular rate over a period of from one to 
analogous to a death rate or a maturation rate. 


ir for reticulocytes from various sources; 


example, from bled rabbits, from those into which phenylhydrazin 


eee ae f | i i ER cc 
injected and trom cases Of nemoivtic jaundice and | 
3. The rate is much slower at 23 C. 


iculocvtes have been found in 
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not related 


+. The decrease in the number of reticulocytes is 
egenerative changes which may take place in the blood in vitro 
5. No dependable conclusion regarding the maturation rat 


1On 


eticulocytes can be drawn from the experiments on the transfus 


reticulocytes into rabbits, but the results are not inconsistent with tl 


\bservations concerning their decrease in the test tube. 

6. As the reticulocytes decrease in number in vitro, cells 
“oranules” progressively increase. 

7. Reticulocytes having large amounts of reticular substance ar 
mature than those having small amounts of reticular substance 
require a longer period of time to reach maturity. 

8. There is an undoubted analogy between the rate of decrease 
the number of reticulocytes in vitro and of those in the blood strean 
In both instances this is probably true maturation. Evidence strong] 
in favor of this conclusion is given by studies on reticulocytes fron 
the blood of patients with pernicious anemia during the reticulo 


responses following liver therapy. 
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THe Cuest. By L. R. Sante, M.D. Price, $20. Pp. 500. New York: Paul B. 
Hoeber, Inc., 1930. 


Under the caption “The Chest” the author has presented in semiatlas form 
the whole story of pulmonary disease from a roentgen standpoint. To the medical 
man not experienced in roentgen diagnosis its 500 pages of highly illustrated 
material may be used as an inductive study course which will stand the test oi 
future experience. The experienced roentgenologist will find it an excellently 
classified review. The point of view of the author is excellent. 

About 150 pages are first spent in describing and illustrating the physical basis 
for recognizing disease of the lungs by the roentgen rays. The following 250 pages 
make application of these principles to the great mass of pulmonary conditions 
most frequently encountered. The final 100 pages deal with the more rare o1 
miscellaneous condition met with in the lungs, pleura, mediastinum and diaphragn 

The book is well balanced in that the major stress is placed on the commoner 
pulmonary inflammations, whereas only minor attention is paid to the unimportant 
and the bizarre. 
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Differentialdiagnostik in der Psychiatrie, von Hermann Haymann. Mit einem 
Beitrag: Die diagnostiche Bedeutung der Intelligenzprufungen, von Eric! 
Stern. Price, 17 marks. Dresden, Theodor Steinkopff, 1930 


This work is a brief discussion of the important considerations in psychiatric 
differential diagnosis. Owing to the size of the book, each individual subject 
must necessarily be considered briefly. The contents are well organized and easily 
accessible through an adequate index. The same volume contains considerable 
worth while material in regard to intelligence tests. 

The book is written and constructed for the use of general practitioners rather 
than for specialists in psychiatry, and seems to fulfil its purpose adequately. 
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